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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to an emission control 
apparatus of an internal combustion engine. 

2. Description of the Related Art 

[0002] In a known internal combustion engine, a NOx 
occluding member that occludes NOx when the air-fuel 
ratio of an inflow exhaust gas is on a fuel-lean side of a 
stoichiometric fuel-air ratio and that releases occluded 
NOx and reduces NOx by a reducing agent contained 
in exhaust gas when the inflow exhaust gas air-fuel ratio 
changes to the fuel-rich side of the stoichiometric fuel- 
air ratio is disposed within an engine exhaust passage. 
During a combustion mode under a fuel-lean air-fuel ra- 
tio condition, NOx in exhaust gas is occluded into the 
NOx occluding member. When NOx is to be released 
from the NOx occluding member, the air-fuel ratio of ex- 
haust gas that flows into the NOx occluding member is 
changed toward the rich side. 

[0003] In order to change the air-fuel ratio of exhaust 
gas flowing into the NOx occluding member from the fu- 
el-rich side to the fuel-lean side when the release of NOx 
from the NOx occluding member is completed in an in- 
ternal combustion engine as described above, there has 
been proposed an internal combustion engine (Japa- 
nese Patent Application Laid-Open No. 2000-104533) 
in which a NOx sensor capable of detecting the concen- 
tration of NOx in exhaust gas is disposed in an engine 
exhaust passage downstream of the NOx occluding 
member, and in which when the NOx concentration de- 
tected by the NOx sensor decreases to or below a pre- 
determined concentration, the release of NOx from the 
NOx occluding member is considered to have been 
completed, and the air-fuel ratio of exhaust gas flowing 
into the NOx occluding member is changed from the rich 
side to the lean side. 

[0004] However, while NOx is being released from the 
NOx occluding member, the released NOx is reduced 
by the reducing agent, and therefore is not released in 
the form of NOx. Therefore, during the release of NOx 
from the NOx occluding member, the NOx concentration 
detected by the NOx sensor remains substantially at ze- 
ro. Therefore, it is not possible to determine whether the 
release of NOx from the NOx occluding member has 
been completed, through the use of the NOx sensor. 
[0005] If the air-fuel ratio of exhaust gas flowing into 
the NOx occluding member is shifted to the rich side in 
the aforementioned internal combustion engine, the air- 
fuel ratio of exhaust gas flowing out of the NOx occluding 
member is normally a slightly lean air-fuel ratio during 
the NOx releasing operation of the NOx occluding mem- 
ber. After the release of NOx from the NOx occluding 



member is completed, the air-fuel ratio of exhaust gas 
flowing out of the NOx occluding member shifts to the 
rich side. 

[0006] In order to change the air-fuel ratio of exhaust 

5 gas flowing into the NOx occluding member at the time 
of completion of the release of NOx from the NOx oc- 
cluding member in an internal combustion engine as de- 
scribed above, there has been proposed an internal 
combustion engine (see Japanese Patent Application 

10 Laid-Open No. 8-232646) in which an air-fuel ratio sen- 
sor that produces an output whose level is proportional 
to the air-fuel ratio of exhaust gas is disposed in an ex- 
haust passage downstream of a NOx occluding mem- 
ber, and in which after the air-fuel ratio of exhaust gas 

15 flowing into the NOx occluding member is changed from 
the lean side to the rich side so as to release NOx from 
the NOx occluding member, it is determined that the re- 
lease of NOx from the NOx occluding member is com- 
pleted when the rate of change in the output level of the 

20 air-fuel ratio sensor when the air-fuel ratio of exhaust 
gas flowing out of the NOx occluding member changes 
from the lean side to the rich side exceeds a predeter- 
mined rate of change. 

[0007] The output level of the air-fuel ratio sensor 
25 changes in a good response to completion of the release 
of NOx from the NOx occluding member. Therefore, by 
determining whether the NOx releasing operation is 
completed based on a change in the output level of the 
air-fuel ratio sensor as mentioned above, it becomes 
30 possible to change the air-fuel ratio of exhaust gas flow- 
ing into the NOx occluding member from the rich side to 
the lean side in a good response to completion of the 
NOx releasing operation. However, at the time of com- 
pletion of the release of NOx, the output level of the air- 
35 fuel ratio sensor changes in various fashions, depend- 
ing on performance variations among air-fuel ratio sen- 
sors and NOx occluding members, or time-depending 
changes thereof. Therefore, the rate of change in the 
output level exceeding the predetermined rate of 
40 change does not necessarily mean that the NOx releas- 
ing operation has been completed. Therefore, there is 
a drawback in the conventional art. That is, it is difficult 
to change the air-fuel ratio from the fuel-rich side to the 
fuel-lean side at the time of completion of the release of 
45 NOx. 

SUMMARY OF THE INVENTION 

[0008] Through experiments and researches on NOx 
50 occluding members carried out by the present inventors 
and the like, it has been found that if an NOx occluding 
member is supplied with a reducing agent in an amount 
that is greater than the amount needed to reduce the 
amount of NOx occluded in the NOx occluding member 
55 when the air-fuel ratio flowing into the NOx occluding 
member is changed to the fuel-rich side, that is, if the 
air-fuel ratio of exhaust gas flowing into the NOx occlud- 
ing member continues to be on the rich side even after 
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completion of the release of NOx from the NOx occlud- 
ing member, a surplus amount of reducing agent that 
has not been used to release NOx from the NOx occlud- 
ing member and reduce NOx is discharged from the 
NOx occluding member in the form of ammonia. 
[0009] Therefore, if the amount of ammonia dis- 
charged from the NOx occluding member is determined, 
the surplus amount of the reducing agent is determined, 
which in turn makes it possible to determine the amount 
of the reducing agent needed to reduce the amount of 
NOx occluded in the NOx occluding member. If the 
amount of the reducing agent needed to reduce the NOx 
occluded in the NOx occluding member is determined, 
it become possible to change the air-fuel ratio of exhaust 
gas flowing into the NOx occluding member at the time 
of completion of the release of NOx from the NOx oc- 
cluding member by setting a degree of fuel-richness and 
a duration of rich-side shift of the air-fuel ratio of exhaust 
gas flowing into the NOx occluding member so as to 
supply the needed amount of the reducing agent. Fur- 
thermore, if the amount of the reducing agent needed 
to reduce the NOx is determined, the amount of NOx 
occludable by the NOx occluding member can be deter- 
mined, which in turn makes it possible to determine the 
degree of deterioration of the NOx occluding member. 
[0010] Thus, given a surplus amount of the reducing 
agent is determined, the state of the NOx occluding 
member can be recognized, and the release of NOx 
from the NOx occluding member can be appropriately 
controlled. 

[001 1 ] Furthermore, if the discharge of ammonia from 
the NOx occluding member is monitored when the air- 
fuel ratio of exhaust gas flowing into the NOx occluding 
member is shifted to the rich side so as to release NOx 
from the NOx occluding member, it is possible to deter- 
mine whether the release of NOx from the NOx occlud- 
ing member has been completed. 
[0012] It is an object of the invention to provide an 
emission control apparatus of an internal combustion 
engine capable of appropriately controlling the release 
of NOx from a NOx occluding member. 
[0013] A first aspect of the invention is an emission 
control apparatus of an internal combustion engine in 
which a NOx occluding member that occludes a NOx 
when an air-fuel ratio of an inflow exhaust gas is on a 
fuel-lean side, and that, when the air-fuel ratio of the in- 
flow exhaust gas changes to a fuel-rich side, allows the 
NOx occluded to be released and reduced by a reducing 
agent contained in the exhaust gas is disposed in an 
exhaust passage of the engine, and in which the NOx 
in the exhaust gas is occluded into the NOx occluding 
member when a combustion is conducted under a fuel- 
lean air-fuel ratio condition, and when the NOx is to be 
released from the NOx occluding member, the air-fuel 
ratio of the exhaust gas flowing into the NOx occluding 
member changed to the fuel-rich side. In this aspect, 
when the air-fuel ratio of the exhaust gas flowing into 
the NOx occluding member is changed to the fuel-rich 



side, a surplus amount of a reducing agent that is not 
used to release and reduce the NOx occluded in the 
NOx occluding member is let out in a form of ammonia 
from the NOx occluding member. Furthermore, asensor 
5 capable of detecting an ammonia concentration is dis- 
posed in the exhaust passage downstream of the NOx 
occluding member. A representative value that indicates 
the surplus amount of the reducing agent is determined 
from a change in the ammonia concentration detected 
by the sensor. 

[0014] In the first aspect, the representative value 
may be an integrated value of the ammonia concentra- 
tion detected by the sensor. 

[0015] In the first aspect, the representative value 
may be a maximum value of the ammonia concentration 
detected by the sensor. 

[0016] In the first aspect, it is possible that as the rep- 
resentative value increases, a total amount of the reduc- 
ing agent supplied to the NOx occluding member when 
the air-fuel ratio of the exhaust gas flowing into the NOx 
occluding member is changed to the fuel-rich side may 
be reduced. 

[0017] In the first aspect, it is possible that as the rep- 
resentative value increases, a time during which the air- 
fuel ratio of the exhaust gas flowing into the NOx occlud- 
ing member is kept on the fuel-rich side may be reduced. 
[0018] In the first aspect, a reference value may be 
pre-set regarding the representative value. If the repre- 
sentative value becomes greater than the reference val- 
ue, a total amount of the reducing agent supplied to the 
NOx occluding member when the air-fuel ratio of the ex- 
haust gas flowing into the NOx occluding member is 
changed to the fuel-rich side may be reduced. If the rep- 
resentative value becomes less than the reference val- 
ue, the total amount of the reducing agent supplied to 
the NOx occluding member when the air-fuel ratio of the 
exhaust gas flowing into the NOx occluding member is 
changed to the fuel-rich side may be increased. 
[0019] In the first aspect, if the representative value 
becomes greater than the reference value, a time during 
which the air-fuel ratio of the exhaust gas flowing into 
the NOx occluding member is kept on the fuel-rich side 
may be reduced. If the representative value becomes 
less than the reference value, the time during which the 
air-fuel ratio of the exhaust gas flowing into the NOx oc- 
cluding member is kept on the fuel-rich side may be in- 
creased. 

[0020] In the first aspect, the sensor may be capable 
of detecting a NOx concentration in the exhaust gas be- 
sides the ammonia concentration in the exhaust gas, 
and the air-fuel ratio of the exhaust gas flowing into the 
NOx occluding member may be changed from the fuel- 
lean side to the fuel-rich side if a predetermined set val- 
ue is exceeded by the NOx concentration detected by 
the sensor while the combustion is conducted under the 
fuel-lean air-fuel ratio condition. 
[0021] In the first aspect, the emission control appa- 
ratus may further include amount-of-occluded-NOx es- 
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timating device that estimates an amount of the NOx oc- 
cluded in the NOx occluding member. A fuel-rich time 
interval for temporarily changing the air-fuel ratio of the 
exhaust gas flowing into the NOx occluding member to 
the fuel-rich side may be controlled based on the 
amount of the NOx estimated by the amount-of-occlud- 
ed-NOx estimating device. 

[0022] In the first aspect, the air-fuel ratio of the ex- 
haust gas flowing into the NOx occluding member may 
be temporarily changed from the fuel-lean side to the 
fuel-rich side when the amount of the NOx occluded es- 
timated by the amount-of-occluded-NOx estimating de- 
vice exceeds an allowable value. 
[0023] In the first aspect, the emission control appa- 
ratus may further include NOx occluding capability es- 
timating device that estimates a NOx occluding capabil- 
ity of the NOx occluding member. The allowable value 
may be reduced as the NOx occluding capability esti- 
mated by the NOx occluding capability estimating de- 
vice decreases. 

[0024] In the first aspect, the sensor may be capable 
of detecting a NOx concentration in the exhaust gas be- 
sides the ammonia concentration in the exhaust gas. 
The air-fuel ratio of the exhaust gas flowing into the NOx 
occluding member may be changed from the fuel-lean 
side to the fuel-rich side if the NOx concentration detect- 
ed by the sensor exceeds a predetermined set value al- 
though the amount of the NOx occluded estimated by 
the amount-of-occluded-NOx estimating device re- 
mains less than or equal to the allowable value while the 
combustion is conducted under the fuel-lean air-fuel ra- 
tio condition. 

[0025] In the first aspect, the sensor may be capable 
of detecting a NOx concentration in the exhaust gas be- 
sides the ammonia concentration in the exhaust gas. 
The allowable value may be reduced if the NOx concen- 
tration detected by the sensor exceeds a predetermined 
set value although the amount of the NOx occluded es- 
timated by the amount-of-occluded-NOx estimating de- 
vice remains less than or equal to the allowable value 
while the combustion is conducted under the fuel-lean 
air-fuel ratio condition. 

[0026] In the first aspect, a degree of deterioration of 
the NOx occluding member may be detected based on 
the representative value. 

[0027] In the first aspect, it may be determined that 
the degree of deterioration of the NOx occluding mem- 
ber increases with a decrease in an amount obtained by 
subtracting the surplus amount of the reducing agent 
from a total amount of the reducing agent supplied to 
the NOx occluding member. 

[0028] In the first aspect, when the air-fuel ratio of the 
exhaust gas flowing into the NOx occluding member is 
changed to the fuel-rich side, a degree of fuel-richness 
may be reduced with an increase in the degree of dete- 
rioration of the NOx occluding member. 
[0029] A second aspect of the invention is an emis- 
sion control apparatus of an internal combustion engine 



in which a NOx occluding member that occludes a NOx 
when an air-fuel ratio of an inflow exhaust gas is on a 
fuel-lean side and that releases the occluded NOx when 
the air-fuel ratio of the inflow exhaust gas changes to a 
5 fuel-rich side is disposed in an exhaust passage of the 
internal combustion engine, and in which the NOx in the 
exhaustgas is occluded into the NOx occluding member 
when a combustion is conducted under a fuel-lean air- 
fuel ratio condition, and the air-fuel ratio of the exhaust 
gas flowing into the NOx occluding member to the fuel- 
rich side is changed when the NOx is to be released 
from the NOx occluding member. In this aspect, a sen- 
sor capable of detecting an ammonia concentration is 
disposed in the exhaust passage downstream of the 
NOx occluding member. It is determined that a release 
of the NOx from the NOx occluding member is complet- 
ed, if the ammonia concentration detected by the sensor 
starts to rise while the air-fuel ratio of the exhaust gas 
flowing into the NOx occluding member is kept on the 
fuel-rich side so as to release the NOx from the NOx 
occluding member. 

[0030] In the second aspect, the sensor may generate 
an output signal having a level proportional to the am- 
monia concentration, and it may be determined that the 
release of the NOx from the NOx occluding member is 
completed, if the level of the output signal of the sensor 
exceeds a predetermined set value while the air-fuel ra- 
tio of the exhaust gas flowing into the NOx occluding 
member is kept on the fuel-rich side so as to release the 
NOx from the NOx occluding member. 
[0031] In the second aspect, the air-fuel ratio of the 
exhaust gas flowing into the NOx occluding member 
may be changed from the fuel-rich side to the fuel-lean 
side if it is determined that the release of the NOx from 
the NOx concentration is completed. 
[0032] In the second aspect, the sensor may be ca- 
pable of detecting a NOx concentration in the exhaust 
gas besides the ammonia concentration in the exhaust 
gas, and the air-fuel ratio of the exhaust gas flowing into 
the NOx occluding member may be changed from the 
fuel-lean side to the fuel-rich side if a predetermined set 
value is exceeded by the NOx concentration detected 
by the sensor while the combustion is conducted under 
the fuel-lean air-fuel ratio condition. 
[0033] In the second aspect, the emission control ap- 
paratus may further include amount-of-occluded-NOx 
estimating device that estimates an amount of the NOx 
occluded in the NOx occluding member. A fuel-rich time 
interval for temporarily changing the air-fuel ratio of the 
exhaust gas flowing into the NOx occluding member to 
the fuel-rich side may be changed based on the amount 
of the NOx estimated by the amount-of-occluded-NOx 
estimating device. 

[0034] In the aforementioned aspect, the air-fuel ratio 
of the exhaust gas flowing into the NOx occluding mem- 
ber may be temporarily changed from the fuel-lean side 
to the fuel-rich side when the amount of the NOx occlud- 
ed estimated by the amount-of-occluded-NOx estimat- 
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ing device exceeds an allowable value. 
[0035] In the aforementioned aspect, the emission 
control apparatus may further include NOx occluding 
capability estimating device that estimates a NOx oc- 
cluding capability of the NOx occluding member. The al- 
lowable value may be reduced as the NOx occluding 
capability estimated by the NOx occluding capability es- 
timating device decreases. 

[0036] In the aforementioned aspect, the sensor may 
be capable of detecting a NOx concentration in the ex- 
haust gas besides the ammonia concentration in the ex- 
haust gas, and the air-fuel ratio of the exhaust gas flow- 
ing into the NOx occluding member may be changed 
from the fuel-lean side to the fuel-rich side if the NOx 
concentration detected by the sensor exceeds a prede- 
termined set value although the amount of the NOx oc- 
cluded estimated by the amount-of-occluded-NOx esti- 
mating device remains less than or equal to the allowa- 
ble value while the combustion is conducted under the 
fuel-lean air-fuel ratio condition. 

[0037] In the aforementioned aspect, the sensor may 
be capable of detecting a NOx concentration in the ex- 
haust gas besides the ammonia concentration in the ex- 
haust gas, and the allowable value may be reduced if 
the NOx concentration detected by the sensor exceeds 
a predetermined set value although the amount of the 
NOx occluded estimated by the amount-of-occlud- 
ed-NOx estimating device remains less than or equal to 
the allowable value while the combustion is conducted 
under the fuel-lean air-fuel ratio condition. 
[0038] A third aspect of the invention is an emission 
control apparatus of an internal combustion engine in 
which a NOx occluding member that occludes a NOx 
when an air-fuel ratio of an inflow exhaust gas is on a 
fuel-lean side, and that, when the air-fuel ratio of the in- 
flow exhaust gas changes to a fuel-rich side, allows the 
NOx occluded to be released and reduced by a reducing 
agent contained in the exhaust gas is disposed in an 
exhaust passage of the engine, and in which air-fuel ra- 
tio detector is disposed in the exhaust passage of the 
engine downstream of the NOx occluding member. In 
the emission control apparatus, the NOx in the exhaust 
gas is occluded into the NOx occluding member when 
a combustion is conducted under a fuel-lean air-fuel ra- 
tio condition. The air-fuel ratio of the exhaust gas flowing 
into the NOx occluding member is changed to the fuel- 
rich side when the NOx is to be released from the NOx 
occluding member. At a time near completion of the re- 
lease the NOx from the NOx occluding member, the air- 
fuel ratio of the exhaust gas flowing into the NOx occlud- 
ing member is changed from the fuel-rich side to the fu- 
el-lean side if an output signal level of the air-fuel ratio 
detector exceeds a reference level while the output sig- 
nal level of the air-fuel ratio detector is changing toward 
a level that indicates a fuel-rich air-fuel ratio. In this as- 
pect, when the air-fuel ratio of the exhaust gas flowing 
into the NOx occluding member is changed to the fuel- 
rich side, a surplus amount of a reducing agent that is 



not used to release and reduce the NOx occluded in the 
NOx occluding member is let out in a form of ammonia 
from the NOx occluding member. A sensor capable of 
detecting an ammonia concentration is disposed in the 

5 exhaust passage downstream of the NOx occluding 
member. The reference level is changed so that the air- 
fuel ratio of the exhaust gas is changed from the fuel- 
rich side to the fuel-lean side when a release of the NOx 
from the NOx occluding member is completed based on 

10 a change in the ammonia concentration detected by the 
sensor. 

[0039] In the third aspect, the representative value 
that indicates the surplus amount of the reducing agent 
may be determined from a change in the ammonia con- 
15 centration detected by the sensor, and the reference lev- 
el may be changed so that the representative value 
reaches a target value. 

[0040] In the third aspect, the representative value 
may be an integrated value of the ammonia concentra- 
te tion detected by the sensor. 

[0041] In the third aspect, the representative value 
may be a maximum value of the ammonia concentration 
detected by the sensor. 

[0042] In the third aspect, the sensor may be capable 
25 of detecting a NOx concentration in the exhaust gas be- 
sides the ammonia concentration in the exhaust gas, 
and the air-fuel ratio of the exhaust gas flowing into the 
NOx occluding member may be changed from the fuel- 
lean side to the fuel-rich side if a predetermined set val- 
30 ue is exceeded by the NOx concentration detected by 
the sensor while the combustion is conducted under the 
fuel-lean air-fuel ratio condition. 

[0043] In the third aspect, the emission control appa- 
ratus may further include amount-of-occluded-NOx es- 
35 timating device that estimates an amount of the NOx oc- 
cluded in the NOx occluding member. A fuel-rich time 
interval for temporarily changing the air-fuel ratio of the 
exhaust gas flowing into the NOx occluding member to 
the fuel-rich side may be controlled based on the 
40 amount of the NOx estimated by the amount-of-occlud- 
ed-NOx estimating device. 

[0044] In the foregoing aspect, the air-fuel ratio of the 
exhaust gas flowing into the NOx occluding member 
may be temporarily changed from the fuel-lean side to 
45 the fuel-rich side when the amount of the NOx occluded 
estimated by the amount-of-occluded-NOx estimating 
device exceeds an allowable value. 
[0045] In the foregoing aspect, the emission control 
apparatus may further include NOx occluding capability 
50 estimating device that estimates a NOx occluding capa- 
bility of the NOx occluding member. The allowable value 
may be reduced as the NOx occluding capability esti- 
mated by the NOx occluding capability estimating de- 
vice decreases. 
55 [0046] In the foregoing aspect, the sensor may be ca- 
pable of detecting a NOx concentration in the exhaust 
gas besides the ammonia concentration in the exhaust 
gas. The air-fuel ratio of the exhaust gas flowing into the 
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culating a target value QRs; 
FIG. 13 is a time chart indicating changes in the 
amount of occluded NOx and the air-fuel ratio in ac- 
cordance with the third embodiments of the inven- 
5 tion; 

FIG. 1 4 is a diagram indicating a map regarding the 
amount of occluded NOx; 

FIG. 15 is a diagram indicating an allowable value; 
FIG. 1 6 is a flowchart illustrating a process for con- 
10 trolling the operation of the engine in accordance 
with the third embodiments of the invention; 
FIG. 1 7 is a flowchart illustrating a process for con- 
trolling the operation of the engine which continues 
from FIG. 16; 

15 FIG. 18 is a time chart indicating electric currents 
detected by a NOx ammonia sensor 29 in a fourth 
embodiment of the invention; 
FIG. 1 9 is a flowchart illustrating a process for con- 
trolling the operation of the engine in the fourth em- 

20 bodiments of the invention; 

FIG. 20 is a flowchart illustrating a process for con- 
trolling the operation of the engine in the fifth em- 
bodiments of the invention; 

FIG. 21 is a flowchart illustrating a process for con- 
25 trolling the operation of the engine which continues 
from FIG. 20; 

FIG. 22 is a diagram illustrating an overall construc- 
tion of an internal combustion engine in accordance 
with a sixth embodiment of the invention; 
30 FIG. 23 is a diagram indicating the output voltage 
of an air-fuel ratio sensor in the sixth embodiment 
of the invention; 

FIG. 24 is a time chart indicating the output voltage 
of an air-fuel ratio sensor, the electric current de- 
35 tected by the NOx ammonia sensor, etc.; 

FIG. 25 is a flowchart illustrating a process for con- 
trolling the operation of the engine in the sixth em- 
bodiments of the invention; 

FIG. 26 is a flowchart for calculating a reference 
40 voltage Es; 

FIG. 27 is a flowchart for calculating a reference 
voltage Es which is different from the process illus- 
trated in FIG. 26; 

FIG. 28 is a flowchart illustrating a process for con- 
45 trolling the operation of the engine in the seventh 
embodiments of the invention; and 
FIG. 29 is a flowchart illustrating a process for con- 
trolling the operation of the engine which continues 
from FIG. 28. 

50 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 



NOx occluding member may be changed from the fuel- 
lean side to the fuel-rich side if the NOx concentration 
detected by the sensor exceeds a predetermined set 
value although the amount of the NOx occluded estimat- 
ed by the amount-of-occluded-NOx estimating device 
remains less than or equal to the allowable value while 
the combustion is conducted under the fuel-lean air-fuel 
ratio condition. 

[0047] In the foregoing aspect, the sensor may be ca- 
pable of detecting a NOx concentration in the exhaust 
gas besides the ammonia concentration in the exhaust 
gas. The allowable value may be reduced if the NOx 
concentration detected by the sensor exceeds a prede- 
termined set value although the amount of the NOx oc- 
cluded estimated by the amount-of-occluded-NOx esti- 
mating device remains less than or equal to the allowa- 
ble value while the combustion is conducted under the 
fuel-lean air-fuel ratio condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] The foregoing and further objects, features 
and advantages of the invention will become apparent 
from the following description of preferred embodiments 
with reference to the accompanying drawings, wherein 
like numerals are used to represent like elements and 
wherein: 

FIG. 1 is a diagram illustrating an overall construc- 
tion of an internal combustion engine in accordance 
with first to fifth embodiments of the invention; 
FIG. 2 is a diagram illustrating a structure of a sen- 
sor portion of a NOx ammonia sensor; 
FIG. 3 is a diagram indicating electric currents de- 
tected by the NOx ammonia sensor; 
FIGS. 4A to 4C are diagrams indicating a basic 
amount of injected fuel, a correction factor, etc.; 
FIGS. 5A and 5B diagrams illustrating the NOx oc- 
cluding-releasing operation of a NOx occluding 
member; 

FIG. 6 is a time chart indicating the current detected 
by the NOx ammonia sensor and the like, in the first 
embodiment; 

FIG. 7 is a diagram indicating a correction factor for 
shifting the air-fuel ratio to the fuel-rich side; 
FIG. 8 is a flowchart illustrating a process for con- 
trolling the operation of the engine in accordance 
with the first embodiment; 

FIG. 9 is a flowchart illustrating a process for calcu- 
lating a target value QRs; 

FIG. 10 is a flowchart illustrating a process for cal- 
culating a target value QRs which is different from 
the process illustrated in FIG. 9; 
FIGS. 1 1 A to 1 1 C are time charts indicating electric 
currents detected by a NOx ammonia sensor in ac- 
cordance with the second embodiments of the in- 
vention; 

FIG. 12 is a flowchart illustrating a process for cal- 



[0049] FIG. 1 illustrates a direct injection -type spark 
55 injection engine to which first to fifth embodiments of the 
invention are applied. The invention is also applicable 
to compression ignition internal combustion engines. 
[0050] FIG. 1 shows an engine body 1, a cylinder 
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block 2, a piston 3 movable back and forth in the cylinder 
block 2, a cylinder head 4 fixed to an upper portion of 
the cylinder block 2, a combustion chamber 5 defined 
between the piston 3 and the cylinder head 4, an intake 
valve 6, an intake port 7, an exhaust valve 8, and an 
exhaust port 9. As shown in FIG. 1 , an ignition plug 1 0 
is disposed in a central portion of an inner wall surface 
of the cylinder head 4, and a fuel injection valve 11 is 
disposed in a peripheral portion of the inner wall surface 
of the cylinder head 4. Furthermore, a top surface of the 
piston 3 has a cavity 1 2 that extends from below the fuel 
injection valve 11 to below the ignition plug 1 0. 
[0051 ] The intake port 7 of each cylinder is connected 
to a surge tank 14 via a corresponding intake branch 
pipe 1 3. The surge tank 1 4 is connected to an air cleaner 
(not shown) via an intake duct 15 and an air flow meter 
1 6. Disposed in the intake duct 1 5 is a throttle valve 1 8 
that is driven by a stepping motor 17. The exhaust port 
9 of each cylinder is connected to an exhaust manifold 
19. The exhaust manifold 19 is connected to a casing 

24 that contains an NOx occluding member 23, via a 
catalytic converter 21 that contains an oxidation catalyst 
or a three-way catalyst 20 and via an exhaust pipe 22. 
The exhaust manifold 19 and the surge tank 14 are in- 
terconnected via a recirculated exhaust gas (hereinaf- 
ter, referred to as "EGR gas") conduit 26. An EGR gas 
control valve 27 is disposed in the EGR gas conduit 26. 
[0052] An electronic control unit 30 is formed by a dig- 
ital computer that includes a RAM (random access 
memory) 32, a ROM (read-only memory) 33, a CPU (mi- 
croprocessor) 34, an inputport 35, and an output port 36 
that are connected to one another via a bidirectional bus 
31. The air flow meter 16 generates an output voltage 
proportional to the amount of intake air. The output volt- 
age is inputted to the input port 35 via a corresponding 
A/D converter 37. The exhaust manifold 19 is provided 
with an air-fuel ratio sensor 28 for detecting the air-fuel 
ratio. The output signal of the air-fuel ratio sensor 28 is 
inputted to the input port 35 via a corresponding A/D 
converter 37. A NOx ammonia sensor 29 capable of de- 
tecting the NOx concentration and the ammonia con- 
centration in exhaust gas is disposed in an exhaust pipe 

25 that is connected to an outlet of the casing 24 con- 
taining the NOx occluding member23. The outputsignal 
of the NOx ammonia sensor 29 is inputted to the input 
port 35 via a corresponding A/D converter 37. 
[0053] An accelerator pedal 40 is connected to a load 
sensor 41 that generates an output voltage proportional 
to the amount of depression of the accelerator pedal 40. 
The output voltage of the load sensor 41 is inputted to 
the input port 35 via a corresponding A/D converter 37. 
A crank angle sensor 42 generates an output pulse, for 
example, at every 30° rotation of a crankshaft. The out- 
put pulse of the crank angle sensor 42 is inputted to the 
input port 35. From the output pulse of the crank angle 
sensor 42, the CPU 34 calculates an engine revolution 
speed. The output port 36 is connected to the ignition 
plugs 1 0, the fuel injection valves 1 1 , the stepping motor 



17, the EGR gas control valve 27 via corresponding 
drive circuits 38. 

[0054] Next, the structure of a sensor portion of the 
NOx ammonia sensor 29 shown in FIG. 1 will be briefly 

5 described with reference to FIG. 2. 

[0055] Referring to FIG. 2, the sensor portion of the 
NOx ammonia sensor 29 is six oxygen ion-conductive 
solid electrolyte layers of, for example, zirconia oxide or 
the like, which are stacked on one another. Hereinafter, 

10 the six solid electrolyte layers will be referred to as "first 
layer L,", "second layer L 2 ", "third layer L 3 ", "fourth layer 
L 4 ", "fifth layer L 5 " and "sixth layer L 6 " in that order from 
the top to the bottom. 

[0056] Further referred to FIG. 2, a first diffusion-con- 

15 trolling member 50 and a second diffusion-controlling 
member 51 , for example, which are porous members or 
have small pores, are disposed between the first layer 
L 1 and the third layer L 3 . A first chamber 52 is defined 
between the diffusion-controlling members 50, 51, and 

20 a second chamber 53 is defined between the second 
diffusion-controlling member 51 and the second layer 
L 2 . An atmospheric chamber 54 connected in commu- 
nication with an external air is defined between the third 
layer L 3 and the fifth layer L 5 . An outside end surface of 

25 the first diffusion-controlling member 50 contacts ex- 
haust gas. Therefore, exhaust gas flows into the first 
chamber 52 via the first diffusion-controlling member 50, 
so that the first chamber 52 is filled with exhaust gas. 
[0057] A negative electrode-side first pump electrode 

30 55 is formed on an inner peripheral surface of the first 
layer L 1 that faces the first chamber 52. A positive elec- 
trode-side first pump electrode 56 is formed on an outer 
peripheral surface of the first layer L v A voltage is ap- 
plied between the first pump electrodes 55, 56 by a first 

35 pump voltage source 57. When voltage is applied be- 
tween the first pump electrodes 55, 56, oxygen con- 
tained in exhaust gas within the first chamber 52 con- 
tacts the negative electrode-side first pump electrode 
55, and becomes oxygen ions. The oxygen ions flow 

40 through the first layer L 1 toward the positive electrode- 
side first pump electrode 56. Thus, oxygen in exhaust 
gas within the first chamber 52 migrates through the first 
layer L 1; and is pumped out to the outside. The amount 
of oxygen pumped out increases with increases in the 

45 voltage of the first pump voltage source 57. 

[0058] A reference electrode 58 is formed on an inner 
peripheral surface of the third layer L 3 that faces the at- 
mospheric chamber 54. If there is an oxygen concen- 
tration difference across an oxygen ion-conductive solid 

50 electrolyte layer, oxygen ions migrate through the solid 
electrolyte layer from the higher-oxygen concentration 
side toward the lower-oxygen concentration side. In the 
example shown in FIG. 2, the oxygen concentration in 
the atmospheric chamber 54 is higher than the oxygen 

55 concentration in the first chamber 52. Therefore, oxygen 
in the atmospheric chamber 54 receives charges to be- 
come oxygen ions upon contact with the reference elec- 
trode 58. Thus-formed oxygen ions migrate through the 
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third layer L 3 , the second layer L 2 and the first layer l_ 1? 
and release charges at the negative electrode-side first 
pump electrode 55. As a result, a voltage V Q indicated 
by reference numeral 59 is generated between the ref- 
erence electrode 58 and the negative electrode-side 
first pump electrode 55. The voltage V Q is proportional 
to the oxygen concentration difference between the at- 
mospheric chamber 54 and the first chamber 52. 
[0059] In the example shown in FIG. 2, the voltage of 
the first pump voltage source 57 is feedback-controlled 
so that the voltage V Q becomes equal to the voltage that 
occurs when the oxygen concentration in the first cham- 
ber 52 is 1 ppm. That is, oxygen in the first chamber 52 
is pumped up via the first layer L 1 in such a manner that 
the oxygen concentration in the first chamber 52 be- 
comes 1 ppm. As a result, the oxygen concentration in 
the first chamber 52 is kept at 1 ppm. 
[0060] The negative electrode-side first pump elec- 
trode 55 is formed from a material that has a low reduc- 
ing characteristic with respect to NOx, for example, an 
alloy of gold Au and platinum Pt. Therefore, NOx con- 
tained in exhaust gas is scarcely reduced in the first 
chamber 52. Hence, NOx flows into the second cham- 
ber 53 through the second diffusion-controlling member 
51. 

[0061] A negative electrode-side second pump elec- 
trode 60 is formed on an inner peripheral surface of the 
first layer L 1 that faces the second chamber 53. Voltage 
is applied between the negative electrode-side second 
pump electrode 60 and the positive electrode-side first 
pump electrode 56 by a second pump voltage source 
61. When voltage is applied between the pump elec- 
trodes 60, 56, oxygen contained in exhaust gas in the 
second chamber 53 becomes oxygen ions upon contact 
with the negative electrode-side second pump electrode 
60. The oxygen ions migrate through the first layer L 1 
toward the positive electrode-side first pump electrode 
56. Thus, oxygen in exhaust gas within the second 
chamber 53 migrates through the first layer L 1? and is 
pumped out to the outside. The amount of oxygen 
pumped out increases with increases in the voltage of 
the second pump voltage source 61 . 
[0062] If there is an oxygen concentration difference 
across an oxygen ion-conductive solid electrolyte layer, 
oxygen ions migrate through the solid electrolyte layer 
from the higher-oxygen concentration side toward the 
lower-oxygen concentration side as mentioned above. 
In the example shown in FIG. 2, the oxygen concentra- 
tion in the atmospheric chamber 54 is higher than the 
oxygen concentration in the second chamber 53. There- 
fore, oxygen in the atmospheric chamber 54 receives 
charges to become oxygen ions upon contact with the 
reference electrode 58. Thus-formed oxygen ions mi- 
grate through the third layer L 3 , the second layer L 2 and 
the first layer L 1? and release charges at the negative 
electrode-side second pump electrode 60. As a result, 
a voltage V 1 indicated by reference numeral 62 is gen- 
erated between the reference electrode 58 and the neg- 



ative electrode-side second pump electrode 60. The 
voltage V 1 is proportional to the difference between the 
oxygen concentration in the atmospheric chamber 54 
and that in the second chamber 53. 

5 [0063] In the example shown in FIG. 2, the voltage of 
the second pump voltage source 61 is feedback-con- 
trolled so that the voltage V 1 becomes equal to the volt- 
age that occurs when the oxygen concentration in the 
second chamber 53 is 0.01 ppm. That is, oxygen in the 

10 second chamber 53 is pumped up via the first layer L 1 
in such a manner that the oxygen concentration in the 
second chamber 53 becomes 0.01 ppm. As a result, the 
oxygen concentration in the second chamber 53 is kept 
at 0.01 ppm. 

15 [0064] The negative electrode-side second pump 
electrode 60 is formed from a material that has a low 
reducing characteristic with respect to NOx, for exam- 
ple, an alloy of gold Au and platinum Pt. Therefore, NOx 
contained in exhaust gas is scarcely reduced despite 

20 contact with the negative electrode-side second pump 
electrode 60. 

[0065] A negative electrode-side pump electrode 63 
for detecting NOx is formed on an inner peripheral sur- 
face of the third layer L 3 that faces the second chamber 

25 53. The negative electrode-side pump electrode 63 is 
formed from a material that has a strong reducing char- 
acteristic with respect to NOx, for example, rhodium Rh 
or platinum Pt. Therefore, NOx in the second chamber 
53, most of which is normally NO, is decomposed into 

30 N 2 and 0 2 on the negative electrode-side pump elec- 
trode 63. As indicated in FIG. 2, a constant voltage 64 
is applied between the negative electrode-side pump 
electrode 63 and the reference electrode 58. Therefore, 
0 2 produced through decomposition on the negative 

35 electrode-side pump electrode 63 become oxygen ions, 
which migrate through the third layer L 3 toward the ref- 
erence electrode 58. At this moment, an electric current 
\ A indicated by reference numeral 65 which is propor- 
tional to the amount of oxygen ions flows between the 

40 negative electrode-side pump electrode 63 and the ref- 
erence electrode 58. 

[0066] As mentioned above, NOx is scarcely reduced 
in the first chamber 52, and oxygen scarcely exists in 
the second chamber 53. Therefore, the current \ : is pro- 
45 portional to the concentration of NOx in exhaust gas. 
Hence, the NOx concentration in exhaust gas can be 
detected based on the current l^ 
[0067] Ammonia NH 3 contained in exhaust gas is de- 
composed into NO and H 2 0 (4NH 3 + 50 2 -> 4NO + 
50 6H 2 0). The decomposed NO flows into the second 
chamber 53 through the second diffusion-controlling 
member 51 . The NO is decomposed into N 2 and 0 2 on 
the negative electrode-side pump electrode 63. The de- 
composed product 0 2 becomes oxygen ions, which mi- 
ss grate through the third layer L 3 toward the reference 
electrode 58. In this case, too, the current \ : is propor- 
tional to the concentration of NH 3 in exhaust gas. 
Hence, the NH 3 concentration can be detected based 
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on the current l v 

[0068] FIG. 3 indicates relationships between the cur- 
rent \ A and the concentrations of NOx and NH 3 in ex- 
haust gas. It should be apparent from FIG. 3 that the 
current ^ is proportional to the NOx concentration and 
the NH 3 concentration in exhaust gas. 
[0069] As in the oxygen concentration in exhaust gas 
increases, that is, as the air-fuel ratio shifts to the lean 
side, the amount of oxygen pumped from the first cham- 
ber 52 to the outside increases and a current l 2 indicated 
by reference numeral 66 increases. Therefore, the air- 
fuel ratio of exhaust gas can be detected from the cur- 
rent l 2 . 

[0070] An electric heater 67 for heating the sensor 
portion of the NOx ammonia sensor 29 is disposed be- 
tween the fifth layer L 5 and the sixth layer L 6 . Due to the 
electric heater 67, the sensor portion of the NOx ammo- 
nia sensor 29 is heated to 700-800°C. 
[0071] Next, a fuel injection control of the internal 
combustion engine shown in FIG. 1 will be described 
with reference to FIG. 4A. In FIG. 4A, the vertical axis 
indicates engine load Q/N (amount of intake air Q/en- 
gine revolution speed N), and the horizontal axis indi- 
cates the engine revolution speed N. 
[0072] In an operation region to the lower load side of 
a solid line X 1 in FIG. 4A, a stratified charge combustion 
is performed. That is, in this case, a fuel F is injected 
from each fuel injection valve 1 1 into the cavity 1 2 during 
a late stage of the compression stroke as illustrated in 
FIG. 1 . The injected fuel is guided by the inner peripheral 
surface of the cavity 12 to form a mixture gas around 
the ignition plug 1 0. Then, the mixture gas is ignited and 
burned by the ignition plug 1 0. In this case, the average 
air-fuel ratio in the combustion chamber 5 is on the lean 
side. 

[0073] In a region on the higher load side of the solid 
line X 1 in FIG. 4A, fuel is injected from the fuel injection 
valve 11 during the intake stroke, so that a uniform mix- 
ture combustion is performed. In a region between the 
solid line X 1 and a chain line X 2 , the uniform mixture 
combustion is performed at a lean air-fuel ratio. In a re- 
gion between the chain line X 2 and a chain line X 3 , the 
uniform mixture combustion is performed at a stoichio- 
metric air-fuel ratio. In a region on the higher load side 
of the chain line X 3 , the uniform mixture combustion is 
performed at a rich air-fuel ratio. 
[0074] In the invention, a basic amount TAU of inject- 
ed fuel needed to achieve the stoichiometric air-fuel ra- 
tio is pre-stored in the ROM 33 in the form of a map as 
a function of the engine load Q/N and the engine revo- 
lution speed N as indicated in FIG. 4B. Basically, the 
basic amount TAU of injected fuel is multiplied by a cor- 
rection factor K to determine a final amount TAUO of 
injected fuel (= K«TAU). The correction factor K is pre- 
stored in the ROM 33 in the form of a map as a function 
of the engine load Q/N and the engine revolution speed 
N as indicated in FIG. 4C. 

[0075] The value of the correction factor K is smaller 



than 1.0 in the operation region on the lower load side 
of the chain line X 2 in FIG. 4A where the combustion is 
performed at a lean air-fuel ratio. The value of the cor- 
rection factor K is greater than 1.0 in the operation re- 

5 gion on the higher load side of the chain line X 3 in FIG. 
4A where the combustion is performed at a rich air-fuel 
ratio. The value of the correction factor K is 1.0 in the 
operation region between the chain line X 2 and the chain 
line X 3 . In this case, the air-fuel ratio is feedback-con- 

10 trolled based on the output signal of the air-fuel ratio 
sensor 28 so that the air-fuel ratio becomes equal to the 
stoichiometric air-fuel ratio. 

[0076] The NOx occluding member 23 disposed in the 
engine exhaust passage is formed by, for example, 

15 loading an alumina support with at least one species se- 
lected from the group consisting of alkali metals such as 
potassium K, sodium Na, lithium Li, cesium Cs, etc., al- 
kaline earths such as barium Ba, calcium Ca, etc., and 
rare earths such as lanthanum La, yttrium Y, etc., and 

20 also with a precious metal such as platinum Pt. In this 
case, it is also possible to dispose a particulate filter 
formed from, for example, cordierite, within the casing 
24, and to load the particulate filter with an alumina-sup- 
ported NOx occluding member 23. 

25 [0077] In any case, the NOx occluding member 23 
performs NOx occlusion-release operation as follows. 
That is, the NOx occluding member 23 occludes NOx 
selectively when the air-fuel ratio of exhaust gas flowing 
into the NOx occluding member 23, that is, the ratio be- 

30 tween air and fuel (hydrocarbon) supplied into the en- 
gine intake passage, the combustion chamber 5 and the 
exhaust passage upstream of the NOx occluding mem- 
ber 23, is on the fuel-lean side of the stoichiometric air- 
fuel ratio. If the inflow exhaust gas air-fuel ratio is equal 

35 to the stoichiometric air-fuel ratio or on the fuel-rich side 
thereof, the NOx occluding member 23 releases occlud- 
ed NOx. It is to be understood that "occlusion" used 
herein (in this specification) means retention of a sub- 
stance (solid, liquid, gas molecules) in the form of at 

40 least one of adsorption, adhesion, absorption, trapping, 
storage, and others. 

[0078] If the NOx occluding member 23 is disposed 
in the engine exhaust passage, the NOx occluding 
member 23 actually performs the NOx occlusion-re- 

45 lease operation. However, the detailed mechanism of 
the occlusion-release operation has not been thorough- 
ly clarified. However, the occlusion-release operation is 
considered to occur by a mechanism illustrated in FIG. 
5. This mechanism will now be described in conjunction 

50 with a case where a support is loaded with platinum Pt 
and barium Ba. Substantially the same mechanism ap- 
plies for cases in which precious metals, other alkali 
metals, alkaline earths or rare earths other than Plati- 
num and Barium are used. 

55 [0079] In the internal combustion engine shown in 
FIG. 1 , combustion is conducted in a state of a lean air- 
fuel ratio during an operation region where the engine 
is highly frequently operated. When combustion is con- 
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ducted at a lean air-fuel ratio, the oxygen concentration 
in exhaust gas is high, and oxygen 0 2 deposits on sur- 
faces of platinum Pt in the form of 0 2 " or O 2- as indicated 
in FIG. 5A. 

[0080] Nitrogen monoxide NO in exhaust gas reacts 
with 0 2 " or 0 2- on surfaces of platinum Pt to produce 
nitrogen dioxide N0 2 (2NO + 20 2 -> 2N0 2 ). A portion 
of the thus-produced nitrogen dioxide (N0 2 ) is further 
oxidized on surfaces of platinum Pt and, at the same 
time, is occluded into the occluding member, and diffus- 
es in the occluding member in the form of nitrate ions 
N0 3 " while binding to barium oxide (BaO). In this man- 
ner, NOx is occluded into the NOx occluding member 
23. As long as the oxygen concentration in exhaust gas 
is high, N0 2 is produced on surfaces of platinum Pt. As 
long as the NOx occluding capability of the occluding 
member remains unsaturated, N0 2 is occluded into the 
occluding member, and forms nitrate ions N0 3 ". 
[0081 ] If the inflow exhaust gas air-fuel ratio is shifted 
to the fuel-rich side, the oxygen concentration in inflow 
exhaust gas decreases, so that the amount of N0 2 pro- 
duced on surfaces of platinum Pt decreases. As the pro- 
duction of N0 2 becomes lower, the reaction reverses 
(N0 3 "^N0 2 ). As a result, nitrate ions N0 3 _ is released 
from the occluding member in the form of N0 2 . NOx re- 
leased from the NOx occluding member 23 is reduced 
through reactions with unburned HC, CO present in 
large amounts in inflow exhaust gas as indicated in FIG. 
5B. In this manner, as N0 2 disappears from surfaces of 
platinum Pt, N0 2 is continually released from the oc- 
cluding member. Therefore, NOx is released from the 
NOx occluding member 23 within a short time after the 
inflow exhaust gas air-fuel ratio is shifted to the rich side. 
The released NOx is reduced. Therefore, NOx is not dis- 
charged into the atmosphere. 

[0082] In this case, even if the inflow exhaust gas air- 
fuel ratio is set to the stoichiometric air-fuel ratio, NOx 
is released from the NOx occluding member 23. How- 
ever, if the inflow exhaust gas air-fuel ratio is equal to 
the stoichiometric air-fuel ratio, NOx is merely gradually 
released from the NOx occluding member 23, so that it 
takes a relatively long time to release the entire amount 
of NOx occluded in the NOx occluding member 23. 
[0083] The NOx occluding capability of the NOx oc- 
cluding member 23 has a limit. Therefore, it is necessary 
to release NOx from the NOx occluding member 23 be- 
fore the NOx occluding capability of the NOx occluding 
member 23 becomes saturated. The NOx occluding 
member 23 occludes substantially the entire amount of 
NOx present in exhaust gas while the NOx occluding 
capability of the NOx occluding member23 is sufficiently 
high. However, as the NOx occluding capability ap- 
proaches the limit, a portion of the NOx is left unocclud- 
ed. Therefore, as the NOx occluding capability of the 
NOx occluding member 23 approaches the limit, the 
amount of NOx let out from the NOx occluding member 
23 starts increasing. 

[0084] In the first embodiment as well as other em- 



bodiments of the invention, therefore, the air-fuel ratio 
of exhaust gas flowing into the NOx occluding member 
23 is temporarily shifted to the fuel-rich side so as to 
release NOx from the NOx occluding member 23 when 

5 the amount of NOx let out from the NOx occluding mem- 
ber 23. There are various methods for shifting the air- 
fuel ratio of exhaust gas flowing into the NOx occluding 
member 23 to the fuel-rich side. For example, the ex- 
haust gas air-fuel ratio can be shifted to the rich side by 

10 shifting the average air-fuel ratio of mixture in the com- 
bustion chamber 5. Furthermore, the exhaust gas air- 
fuel ratio can be shifted to the rich side by injecting an 
additional amount of fuel during a late stage of the ex- 
pansion stroke or during the exhaust stroke. The ex- 

15 haust gas air-fuel ratio can also be shifted to the fuel- 
rich side by injecting an additional amount of fuel in the 
exhaust passage upstream of the NOx occluding mem- 
ber 23. The embodiment of the invention employs the 
first-mentioned method, that is, the method in which the 

20 exhaust gas air-fuel ratio is shifted to the fuel-rich side 
by conducting uniform mixture combustion at a rich air- 
fuel ratio. 

[0085] It should be noted herein that SOx is contained 
in exhaust gas and is occluded into the NOx occluding 
25 member 23 as well as NOx. The mechanism of occlu- 
sion of SOx into the NOx occluding member 23 is con- 
sidered substantially the same as the mechanism of 
NOx occlusion. 

[0086] Similarly to the description of the mechanism 
30 of NOx occlusion, the mechanism of SOx occlusion will 
be described in conjunction with an example in which a 
support is loaded with platinum Pt and barium Ba. When 
the inflow exhaust gas air-fuel ratio is on the lean side 
of the stoichiometric air-fuel ratio, oxygen 0 2 deposits 
35 on surfaces of platinum Pt in the form of 0 2 _ or O 2- , and 
S0 2 in exhaust gas reacts with 0 2 _ or O 2- on the plati- 
num Pt to produce S0 3 . A portion of the produced S0 3 
is further oxidized on surfaces of platinum Pt and, at the 
same time, is occluded into the occluding member, and 
40 diffuses in the occluding member in the form of sulfate 
ions S0 4 2- while binding to barium oxide BaO. Thus, a 
stable sulfate BaS0 4 is produced. 
[0087] The sulfate BaS0 4 is stable and less readily 
decomposes. Therefore, if the air-fuel ratio of inflow ex- 
45 haust gas flowing into the three-way catalyst 20 is shift- 
ed to the stoichiometric air-fuel ratio or to the rich side 
thereof, the sulfate BaS0 4 tends to remain without being 
decomposed. Therefore, the sulfate BaS0 4 increases 
in the NOx occluding member 23 as time elapses. 
50 Hence, the amount NOx that can be occluded by the 
NOx occluding member 23 decreases as time elapses. 
That is, the NOx occluding member 23 deteriorates as 
time elapses. 

[0088] However, if the temperatu re of the NOx occlud- 
55 ing member 23 reaches or exceeds a certain value, for 
example, 600°C, the sulfate BaS0 4 decomposes in the 
NOx occluding member 23. If, in this occasion, the air- 
fuel ratio of exhaust gas that flows into the NOx occlud- 
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ing member 23 is shifted to the fuel-rich side, SOx can 
be released from the NOx occluding member 23. In the 
embodiment of the invention, therefore, SOx is released 
from the NOx occluding member 23 by shifting the air- 
fuel ratio of exhaust gas that flows into the NOx occlud- 
ing member 23 to the fuel-rich side if the temperature of 
the NOx occluding member 23 is high when SOx needs 
to be released from the NOx occluding member 23. If 
the temperature of the NOx occluding member 23 is low 
when SOx needs to be released, the temperature of the 
NOx occluding member 23 is raised and the air-fuel ratio 
of exhaust gas that flows into the NOx occluding mem- 
ber 23 is shifted to the fuel-rich side. 
[0089] Next described will be a relationship between 
the concentration of ammonia NH 3 in exhaust gas let 
out of the NOx occluding member 23 and the amount of 
a reducing agent when the air-fuel ratio of exhaust gas 
that flows into the NOx occluding member 23 is shifted 
to the fuel-rich side so as to release NOx from the NOx 
occluding member 23. 

[0090] First, the amount of the reducing agent will be 
described. As fuel in excess of the amount of fuel need- 
ed to set the air-fuel ratio of exhaust gas that flows into 
the NOx occluding member 23 at the stoichiometric air- 
fuel ratio is used to release and reduce NOx, the excess 
amount of fuel equals the amount of the reducing agent 
used to release and reduce NOx. This applies to a case 
where the air-fuel ratio of mixture in the combustion 
chamber 5 is shifted to the fuel-rich side when NOx 
needs to be released from the NOx occluding member 
23, and a case where an additional amount of fuel is 
injected during a late stage of the compression stroke 
or during the exhaust stroke in that occasion, and a case 
where an additional amount of fuel is injected into the 
exhaust passage upstream of the NOx occluding mem- 
ber 23 in that occasion. 

[0091] In a construction as in the embodiment of the 
invention wherein the air-fuel ratio of exhaust gas that 
flows into the NOx occluding member 23 is shifted to the 
fuel-rich side when NOx needs to be released from the 
NOx occluding member 23, the amount of the reducing 
agent AQR supplied to the NOx occluding member 23 
per fuel injection can be expressed as in the following 
equation: 

AQR = TAU*(K R -1.0) 

where TAU is the basic amount of injected fuel in- 
dicated in FIG. 4(B), and K R is a value of a correction 
factor K with respect to the basic amount TAU of injected 
fuel and indicates the degree of richness (stoichiometric 
air-fuel ratio/rich air-fuel ratio) when the air-fuel ratio is 
set to a rich air-fuel ratio. Accumulation of the amounts 
of the reducing agent AQR per fuel injection provides 
the total amount of the reducing agent QR supplied to 
the NOx occluding member 23. 

[0092] Next, the concentration of ammonia will be de- 



scribed. If the air-fuel ratio is on the lean side, that is, if 
an oxidative atmosphere is achieved, substantially no 
ammonia NH 3 is produced. However, if the air-fuel ratio 
shifts to the fuel-rich side, that is, if a reducing atmos- 
5 phere is achieved, nitrogen N 2 in intake air or exhaust 
gas is reduced by hydrocarbon HC on the oxidation cat- 
alyst or three-way catalyst 20 so as to produce ammonia 
NH 3 . If the air-fuel ratio is on the fuel-rich side, NOx is 
released from the NOx occluding member 23, and the 
produced ammonia NH 3 is used to reduce NOx. There- 
fore, while NOx is released from the NOx occluding 
member 23, more precisely, while the supplied reducing 
agent is used to release and reduce NOx, no ammonia 
NH 3 is let out of the NOx occluding member 23. In con- 
trast, if the air-fuel ratio continues to be on the fuel-rich 
side after completion of release of NOx from the NOx 
occluding member 23, more precisely, if an excess 
amount of the reducing agent that is not used to release 
NOx from the NOx occluding member 23 and reduce 
NOx is supplied, ammonia NH 3 is no longer consumed 
to reduce NOx, so that ammonia NH 3 is not let out of 
the NOx occluding member 23. 

[0093] This also occurs when the oxidative catalyst or 
three-way catalyst 20 is not provided upstream of the 
NOx occluding member 23. That is, since the NOx oc- 
cluding member 23 is provided with a catalyst having a 
reducing function, such as platinum Pt or the like, there 
is a possibility that ammonia NH 3 may be produced in 
the NOx occluding member 23 if the air-fuel ratio shifts 
to the fuel-rich side. However, even if ammonia NH 3 is 
produced, ammonia NH 3 is used to reduce NOx re- 
leased from the NOx occluding member 23, so that am- 
monia NH 3 is not let out of the NOx occluding member 
23. However, if an excess amount of the reducing agent 
that is not used to release NOx from the NOx occluding 
member 23 and reduce NOx is supplied, ammonia NH 3 
is let out of the NOx occluding member 23 as mentioned 
above. 

[0094] If an excess amount of the reducing agent that 
is not used to release NOx from the NOx occluding 
member 23 and reduce NOx is supplied when the air- 
fuel ratio of exhaust gas that flows into the NOx occlud- 
ing member 23 is shifted to the fuel-rich side, the excess 
amount of the reducing agent is let out of the NOx oc- 
cluding member 23 in the form of ammonia NH 3 . The 
amount of ammonia NH 3 let out is proportional to the 
excess amount of the reducing agent. Therefore, the ex- 
cess amount of the reducing agent can be determined 
from the amount of ammonia let out. 
[0095] In the invention, therefore, the NOx ammonia 
sensor 29 capable of detecting the ammonia concentra- 
tion is disposed in the exhaust passage downstream of 
the NOx occluding member 23. On the basis of changes 
in the ammonia concentration detected by the NOx am- 
monia sensor 29, the surplus amount of the reducing 
agent is determined. In this case, the integrated value 
of ammonia concentration is considered to represent 
the surplus amount of the reducing agent. Therefore, the 
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integrated ammonia concentration value can be said to 
be a representative value that indicates the surplus 
amount of the reducing agent. Furthermore, a maximum 
value of ammonia concentration may also be consid- 
ered to represent the surplus amount of the reducing 
agent. Therefore, the maximum value of ammonia con- 
centration can be said to be a representative value that 
indicates the surplus amount of the reducing agent. In 
the invention, the surplus amount of the reducing agent 
is determined from changes in the ammonia concentra- 
tion as mentioned above. More specifically, a represent- 
ative value that indicates the surplus amount of the re- 
ducing agent as mentioned above is determined based 
on changes in the ammonia concentration. This is a fun- 
damental idea of the invention. 

[0096] With such a representative value determined, 
it becomes possible to perform various controls. First, a 
basic control of supplying the reducing agent will be de- 
scribed with reference to FIG. 6. 
[0097] Referring to FIG. 6, ENOX indicates the 
amount of NOx occluded in the NOx occluding member 
23, and ^ indicates the electric current detected by the 
NOx ammonia sensor 29. In FIG. 6, NOx and NH 3 indi- 
cate changes in the NOx ammonia sensor 29-detected 
current caused by changes in the NOx concentration in 
exhaust gas and changes in the NH 3 concentration in 
exhaust gas, respectively. These detected currents both 
appear in the detected current \ A of the NOx ammonia 
sensor 29. Furthermore, A/F indicates the average air- 
fuel ratio of mixture in the combustion chamber 5, and 
QR indicates the total amount of the reducing agent sup- 
plied. 

[0098] As indicated in FIG. 6, as the amount ENOX of 
NOx occluded in the NOx occluding member 23 increas- 
es and approaches a limit of the occluding capability of 
the NOx occluding member 23, the NOx occluding 
member 23 starts to let out NOx, so that the detected 
current \ A of the NOx ammonia sensor 29 starts to rise. 
In the embodiment indicated in FIG. 6, when the NOx 
concentration exceeds a predetermined set value after 
the NOx occluding member 23 starts to let out the NOx, 
that is, when the detected current \ A of the NOx ammonia 
sensor 29 exceeds a predetermined set value Is, the air- 
fuel ratio A/F is changed from the fuel-lean side to the 
fuel-rich side so as to release NOx from the NOx occlud- 
ing member23. After the change of the air-fuel ratio from 
the lean side to the rich side, a time is needed before a 
fuel-rich air-fuel ratio exhaust gas reaches the NOx oc- 
cluding member 23. Therefore, the amount of NOx dis- 
charged from the NOx occluding member 23 continues 
to increase immediately after the change of the air-fuel 
ratio A/F to the rich side. Then, the reducing agent 
present in the fuel-rich air-fuel ratio exhaust gas starts 
to reduce NOx, so that the discharge of NOx from the 
NOx occluding member 23 discontinues. Therefore, fol- 
lowing the change of the air-fuel ratio from the lean side 
to the rich side, the detected current ^ of the NOx am- 
monia sensor 29 rises for a short time, and then drops 



to zero. 

[0099] The total amount QR of the reducing agent 
supplied to the NOx occluding member 23 gradually in- 
creases after the change of the air-fuel ratio from the 

5 lean side to the rich side. Correspondingly, the amount 
ENOX of NOx occluded in the NOx occluding member 
23 gradually decreases. In the embodiment indicated in 
FIG. 6, the air-fuel ratio is changed from the fuel-rich 
side to the fuel-lean side when the total amount QR of 

10 the reducing agent reaches a target value QRs. In the 
case indicated in FIG. 6, the air-fuel ratio is changed 
from the rich side to the lean side after amount ENOX 
of NOx occluded in the NOx occluding member 23 has 
reached zero. 

15 [0100] In this case, a surplus amount of the reducing 
agent that is not used to release NOx from the NOx oc- 
cluding member 23 and reduce NOx is supplied. There- 
fore, ammonia NH 3 is discharged from the NOx occlud- 
ing member 23, so that the detected current I-, of the 

20 NOx ammonia sensor 29 rises as indicated in FIG. 6. 
The surplus amount of the reducing agent is indicated 
by An integrated value El of the detected current in- 
dicated by hatching in FIG. 6 and the maximum value 
Imax of the first layer L 1 in this case. In this embodiment, 

25 therefore, the amount of the reducing agent to be sup- 
plied at the next time of release of NOx is reduced by 
the surplus amount of the reducing agent calculated 
based on the integrated value El or the maximum value 
Imax. Hence, at the next time of release of NOx, an 

30 amount of the reducing agent needed to release and re- 
duce NOx occluded in the NOx occluding member 23 
will be supplied. 

[0101] If the amount of SOx occluded in the NOx oc- 
cluding member 23 increases, the NOx occluding capa- 

35 bility of the NOx occluding member 23 decreases. 
Therefore, if in this situation, the air-fuel ratio is changed 
from the lean side to the rich side, ammonia is dis- 
charged from the NOx occluding member 23. In this 
case, the amount of the reducing agent to be supplied 

40 at the next time of releasing NOx is reduced by the sur- 
plus amount of the reducing agent calculated based on 
the integrated value El or the maximum value Imax of 
detected current I-,. Thus, in this embodiment, at the 
time of completion of release of NOx from the NOx oc- 

45 eluding member 23, the air-fuel ratio can be changed 
from the fuel-rich side to the fuel-lean side to stop sup- 
plying the reducing agent to the NOx occluding member 
23. 

[0102] The target value QRs of the amount of the re- 
50 ducing agent to be supplied indicates the amount of NOx 
that the NOx occluding member 23 can occlude. In this 
embodiment, therefore, SOx is discharged from the 
NOx occluding member 23 when the target value QRs 
becomes smaller than a predetermined set value SS. 
55 [0103] Furthermore, as the NOx occluding member 
23 deteriorates due to aging, the target value QRs also 
decreases. Therefore, from the target value QRs, the 
degree of deterioration of the NOx occluding member 
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23 can be determined. While the NOx occluding mem- 
ber 23 has not deteriorated, NOx diffuses deep inside 
the NOx occluding member 23, so that nitrate salts are 
formed deep inside the NOx occluding member 23. In 
this case, in order to release NOx from the NOx occlud- 
ing member 23, it is preferable to increase the degree 
of fuel-richness of the air-fuel ratio, that is, the value of 
the correction factor K R . In contrast, as the NOx occlud- 
ing member 23 deteriorates, the depth of diffusion of 
NOx in the form of nitrate ions into the NOx occluding 
member 23 decreases. Therefore, NOx can be released 
from the NOx occluding member 23 without a need to 
increase the richness of the air-fuel ratio, that is, the val- 
ue of the correction factor K R . In this embodiment of the 
invention, therefore, the value of the correction factor 
K R at the time of changing the air-fuel ratio to the rich 
side is made higher as the target value QRs is higher 
as indicated in FIG. 7. 

[0104] FIG. 8 illustrates a routine for carrying out the 
first embodiment described with reference to FIG. 6. 
[0105] Referring to FIG. 8, a basic amount TAU of in- 
jected fuel is determined from the map indicated in FIG. 
4(B) in step 100. Subsequently in step 101, it is deter- 
mined whether a NOx release flag for indicating that 
NOx should be released from the NOx occluding mem- 
ber 23 has been set. If the NOx release flag has not been 
set, the process proceeds to step 102, in which it is de- 
termined whether the detected current ^ of the NOx am- 
monia sensor 29 has exceeded the set value Is. If \ A < 
Is, that is, if the NOx occluding capability of the NOx 
occluding member 23 still has a margin, the process 
jumps to step 105. 

[0106] In step 105, a correction factor K is determined 
from the map indicated in FIG. 4C. Subsequently in step 
106, a final amount TAUO of injected fuel (=K*TAU) is 
calculated by multiplying the basic amount TAU of in- 
jected fuel by the correction factor K. Then, fuel injection 
is performed based on the final amount TAUO of inject- 
ed fuel. Subsequently in step 107, it is determined 
whether the target value QRs of the amount of the re- 
ducing agent has become smaller than the set value SS 
for SOx release. If QRs > SS, the processing cycle is 
ended. 

[0107] Conversely, if it is determined in step 102 that 
l-i > Is holds, that is, if the NOx occluding member 23 
starts to let out NOx, the process proceeds to step 1 03, 
in which the NOx release flag is set. Subsequently in 
step 1 04, an NH 3 detection flag is set. Then, the process 
proceeds to step 1 05. 

[0108] In the processing cycle following the setting of 
the NOx release flag, the process goes from step 101 
to step 1 08, in which a correction factor K R is calculated 
based on the relationship indicated in FIG. 7. Subse- 
quently in step 1 09, a final amount TAUO of injected fuel 
(=K R *TAU) is calculated by multiplying the basic amount 
TAU of injected fuel by the correction factor K R . Then, 
fuel injection is performed based on the final amount 
TAUO of injected fuel. At this moment, the combustion 



mode is changed from the stratified charge combustion 
under a fuel-lean air-fuel ratio condition or the uniform 
mixture combustion under a fuel-lean air-fuel ratio con- 
dition to the uniform mixture combustion under a fuel- 

5 rich air-fuel ratio condition. As a result, release of NOx 
from the NOx occluding member 23 starts. 
[0109] Subsequently in step 110, an amount AQR of 
the reducing agent supplied to the NOx occluding mem- 
ber 23 per fuel injecting action is calculated as in the 

10 following equation: 

AQR = TAU*(K R - 1.0) 

15 [0110] Subsequently in step 111 , the total amount QR 
of the reducing agent supplied to the NOx occluding 
member 23 is determined by adding the amount AQR 
of the reducing agent to the present total amount QR. 
Subsequently in step 112, it is determined whether the 
20 total amount QR of the reducing agent has exceeded a 
target value QRs. If QR < QRs, process jumps to step 
107. Conversely, if QR > QRs, the process proceeds to 
step 113, in which the NOx release flag is reset. Subse- 
quently in step 1 1 4, the total amount QR of the reducing 
25 agent is cleared. Then, the process proceeds to step 
107. 

[0111] If the NOx release flag is reset, the air-fuel ratio 
is changed from the fuel-rich side to the fuel-lean side. 
[0112] If it is determined in step 107 that QRs < SS 
30 holds, the process proceeds to step 1 1 5, in which a proc- 
ess of releasing SOx from the NOx occluding member 
23 is executed. Specifically, the air-fuel ratio is shifted 
to the fuel-rich side while the temperature of the NOx 
occluding member 23 is kept approximately at or above 
35 6 00°C. After the operation of releasing SOx from the 
NOx occluding member 23 is completed, the process 
proceeds to step 116, in which a predetermined maxi- 
mum total amount QRmax of the reducing agent is set 
as a target value QRs. 
40 [0113] FIG. 9 illustrates a routine for calculating a tar- 
get value QRs. 

[0114] Referring to FIG. 9, it is determined in step 200 
whether the NH 3 detection flag has been set. The NH 3 
detection flag is set when it is determined that \ A > Is in 
45 step 102 in FIG. 8. If the NH 3 detection flag has been 
set, the process proceeds to step 201 , in which it is de- 
termined whether the operation region of the engine is 
a predetermined set operation region. The set operation 
region is a narrow operation region determined by the 
50 engine load Q/N and the engine revolution speed N. If 
the operation region of the engine is within the set op- 
eration region, the process proceeds to step 202. 
[0115] In step 202, it is determined whether the 
elapsed time t following the setting of the NH 3 detection 
55 flag has exceeded a constant time t 1 . The constant time 
t 1 is a time that elapses from the change of the air-fuel 
ratio from the fuel-lean side to the fuel-rich side until the 
detected current L of the NOx ammonia sensor 29 de- 
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creases to zero. If t > t 1 holds, the process proceeds to 
step 203, in which it is determined whether the elapsed 
time t following the setting of the NH 3 detection flag has 
exceeded a constant time t 2 . The constant time t 2 suffi- 
ciently allows the NOx ammonia sensor 29 to detect an 
ammonia concentration when ammonia is discharged 
from the NOx occluding member 23 regardless of the 
amount of ammonia discharged. If t < t 2 , the process 
proceeds to step 204. 

[01 16] In step 204, the detected current ^ of the NOx 
ammonia sensor 29 is calculated. Subsequently in step 
205, an integrated value El of detected current is calcu- 
lated by adding the detected current \ : to the existing El. 
If it is determined in step 203 that t > t 2 comes to hold, 
the process proceeds to step 206, in which the multipli- 
cation product of the integrated value El of detected cur- 
rent and a proportional constant C 1 is set as a surplus 
amount QRR of the reducing agent (= C^EI). Subse- 
quently in step 207, the target value QRs is updated by 
subtracting the surplus amount QRR of the reducing 
agent from the present target value QRs. 
[0117] Subsequently in step 208, El is cleared, and 
the NH 3 detection flag is simultaneously reset. Subse- 
quently in step 209, it is determined whether the updated 
target value QRs is less than a predetermined limit value 
QRmin. If QRs < QRmin, the process proceeds to step 
210, in which a deterioration flag is set to indicate that 
the NOx occluding member 23 has deteriorated. If the 
deterioration flag is set, an alarm lamp is turned on, as 
for example. 

[01 18] FIG. 1 0 illustrates another embodiment of the 
routine for calculating the target value QRs. 
[0119] Referring to FIG. 10, it is determined in step 
300 whether the NH 3 detection flag has been set. The 
NH 3 detection flag is set when it is determined that \ A > 
Is holds in step 102 in FIG. 8. If the NH 3 detection flag 
has been set, the process proceeds to step 301 , in which 
it is determined whether the operation region of the en- 
gine is a predetermined set operation region. The set 
operation region is a narrow operation region deter- 
mined by the engine load Q/N and the engine revolution 
speed N. If the operation region of the engine is within 
the set operation region, the process proceeds to step 
302. 

[0120] In step 302, it is determined whether the 
elapsed time t following the setting of the NH 3 detection 
flag has exceeded a constant time t 1 . The constant time 
t 1s as mentioned above, is a time that elapses from the 
change of the air-fuel ratio from the fuel-lean side to the 
fuel-rich side until the detected current \ A of the NOx am- 
monia sensor 29 decreases to zero. If t > t, , the process 
proceeds to step 303, in which it is determined whether 
the elapsed time t following the setting of the NH 3 de- 
tection flag has exceeded a constant time t 2 . The con- 
stant time t 2 , as mentioned above, sufficiently allows the 
NOx ammonia sensor 29 to detect an ammonia concen- 
tration when ammonia is discharged from the NOx oc- 
cluding member 23 regardless of the amount of ammo- 



nia discharged. If t < t 2 , the process proceeds to step 
304. 

[0121] In step 304, the detected current \ A of the NOx 
ammonia sensor 29 is calculated. Subsequently in step 
5 305, it is determined whether the detected current ^ is 
greater than Imax. If \ A > Imax, the process proceeds to 
step 306, in which the detected current \ A is set as a 
maximum value Imax of detected current. If it is deter- 
mined in step 303 that t > t 2 has come to hold, the proc- 
ess proceeds to step 307, in which a multiplication prod- 
uct of the maximum value Imax of detected current and 
a proportional constant C 2 is set as a surplus amount 
QRR of the reducing agent (= C 2 *lmax). Subsequently 
in step 308, the target value QRs is updated by subtract- 
ing the surplus amount QRR of the reducing agent from 
the present target value QRs. 

[01 22] Subsequently in step 309, Imax is cleared, and 
the NH 3 detection flag is simultaneously reset. Subse- 
quently in step 31 0, it is determined whether the updated 
target value QRs is less than a predetermined limit value 
QRmin. If QRs < QRmin, the process proceeds to step 
311, in which a deterioration flag is set to indicate that 
the NOx occluding member 23 has deteriorated. If the 
deterioration flag is set, an alarm lamp is turned on, as 
for example. 

[0123] Next, a second embodiment of the invention 
will be described with reference to FIGS. 11 A to 11 C. 
[0124] In this embodiment, a reference value regard- 
ing a representative value that indicates the surplus 
amount of the reducing agent is pre-set as indicated in 
FIG. 1 1 A. Specifically, in a first example, a reference val- 
ue Sr is pre-set regarding the integrated value El of de- 
tected current of the NOx ammonia sensor 29. If the rep- 
resentative value, that is, the integrated value El of de- 
tected current, is greater than the reference value Sr as 
indicated in FIG. 11 B, the total amount of the reducing 
agent supplied to the NOx occluding member 23 when 
the air-fuel ratio is shifted to the fuel-rich side is reduced. 
If the representative value, that is, the integrated value 
El of detected current, is less than the reference value 
Sr as indicated in FIG. 11C, the total amount of the re- 
ducing agent supplied to the NOx occluding member 23 
when the air-fuel ratio is shifted to the fuel-rich side is 
increased. That is, the amount of the reducing agent 
supplied is controlled so that the integrated value El of 
detected current becomes equal to the reference value 
Sr. 

[0125] In a second example, a reference value Imax 
is pre-set regarding the maximum value Imax of detect- 
ed current of the NOx ammonia sensor 29. If the repre- 
sentative value, that is, the maximum value Imax of de- 
tected current, is greater than the reference value Imax 
as indicated in FIG. 11 B, the total amount of the reducing 
agent supplied to the NOx occluding member 23 when 
the air-fuel ratio is shifted to the fuel-rich side is reduced. 
If the representative value, that is, the maximum value 
Imax of detected current, is less than the reference val- 
ue Imax as indicated in FIG. 11C, the total amount of 
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the reducing agent supplied to the NOx occluding mem- 
ber 23 when the air-fuel ratio is shifted to the fuel-rich 
side is increased. That is, the amount of the reducing 
agent supplied is controlled so that the maximum value 
Imax of detected current becomes equal to the refer- 
ence value Imax. 

[0126] The second embodiment has an advantage of 
being capable of increasing the amount of the reducing 
agent supplied if the amount is excessively reduced, un- 
like the first embodiment. 

[0127] FIG. 12 illustrates a target value QRs calculat- 
ing routine for carrying out the first example of the sec- 
ond embodiment. In the second embodiment, too, the 
operation control routine illustrated in FIG. 8 is adopted 
as an operation control routine. 

[0128] Referring to FIG. 12, it is determined in step 
400 whether the NH 3 detection flag has been set. The 
NH 3 detection flag is set when it is determined that \ A > 
Is holds in step 102 in FIG. 8. If the NH 3 detection flag 
has been set, the process proceeds to step 401 , in which 
it is determined whether the operation region of the en- 
gine is a predetermined set operation region. The set 
operation region is a narrow operation region deter- 
mined by the engine load Q/N and the engine revolution 
speed N. If the operation region of the engine is within 
the set operation region, the process proceeds to step 
402. 

[0129] In step 402, it is determined whether the 
elapsed time t following the setting of the NH 3 detection 
flag has exceeded a constant time t 1 . The constant time 
t,, as mentioned above, is a time that elapses from the 
change of the air-fuel ratio from the fuel-lean side to the 
fuel-rich side until the detected current \ A of the NOx am- 
monia sensor 29 decreases to zero. If t > t A , the process 
proceeds to step 403, in which it is determined whether 
the elapsed time t following the setting of the NH 3 de- 
tection flag has exceeded a constant time t 2 . The con- 
stant time t 2 , as mentioned above, sufficiently allows the 
NOx ammonia sensor 29 to detect an ammonia concen- 
tration when ammonia is discharged from the NOx oc- 
cluding member 23 regardless of the amount of ammo- 
nia discharged. If t < t 2 , the process proceeds to step 
404. 

[0130] In step 404, the detected current \ A of the NOx 
ammonia sensor 29 is calculated. Subsequently in step 
405, an integrated value El of detected current is calcu- 
lated by adding the detected current ^ to the existing El. 
If it is determined in step 403 that t > t 2 has come to hold, 
the process proceeds to step 406, in which it is deter- 
mined whether the integrated value El of detected cur- 
rent is greater than the reference value Sr. If El > Sr, the 
process proceeds to step 407, in which the target value 
QRs is reduced by a predetermined set value a. After 
that, the process proceeds to step 409. Conversely, if El 
< Sr, the process proceeds to step 408, in which the tar- 
get value QRs is increased by the predetermined set 
value a. After that, the process proceeds to step 409. 
[0131] In step 409, El is cleared, and the NH 3 detec- 



tion flag is simultaneously reset. Subsequently in step 
410, it is determined whether the updated target value 
QRs is less than a predetermined limit value QRmin. If 
QRs < QRmin, the process proceeds to step 411, in 
5 which a deterioration flag is set to indicate that the NOx 
occluding member 23 has deteriorated. If the deteriora- 
tion flag is set, an alarm lamp is turned on, as for exam- 
ple. 

[0132] A third embodiment of the invention will be de- 
scribed with reference to FIGS. 13 to 15. 
[0133] In this embodiment, the amount of NOx occlud- 
ed into the NOx occluding member 23 is estimated, and 
a fuel-rich time interval between a fuel-rich shift of the 
air-fuel ratio of exhaust gas flowing into the NOx occlud- 
ing member 23 and the next fuel-rich shift of the air-fuel 
ratio is controlled based on the estimated amount of 
NOx occluded. Furthermore, the fuel-rich time interval 
is corrected based on the detected current l 1? and the 
fuel-rich time is controlled based on a representative 
value such as the integrated value El of detected cur- 
rent, the maximum value Imax of detected current, or 
the like. 

[0134] Specifically, the third embodiment includes an 
amount-of-occluded-NOx estimating device that esti- 
mates the amount of NOx occluded in the NOx occlud- 
ing member 23. When the amount ENOX of occluded 
NOx estimated by the amount-of-occluded-NOx esti- 
mating device exceeds an allowable value NOXmax as 
indicated in FIG. 13, the air-fuel ratio is temporarily 
changed from the fuel-lean side to the fuel-rich side. 
[0135] The amount of NOx discharged from the en- 
gine is substantially determined if the state of operation 
of the engine is determined. Therefore, the amount of 
NOx occluded in the NOx occluding member 23 is sub- 
stantially determined if the state of operation of the en- 
gine is determined. Therefore, in the third embodiment, 
the amounts NA of NOx occluded into the NOx occlud- 
ing member 23 per unit time in accordance with the 
states of operation of the engine are empirically deter- 
mined beforehand. The amount NA of occluded NOx is 
pre-stored in the ROM 33 as a function of the engine 
load Q/N and the engine revolution speed N in the form 
of a map as indicated in FIG. 14. 
[0136] In this embodiment, amounts NA of occluded 
NOx corresponding to states of operation of the engine 
as indicated in FIG. 14 are integrated during operation 
of the engine, thereby calculating an estimated amount 
ENOX of NOx that is considered to be occluded in the 
NOx occluding member 23. It should be noted herein 
that the value of NA becomes negative in an operation 
region where the air-fuel ratio equals the stoichiometric 
air-fuel ratio or is on the fuel-rich side thereof, because 
in such an operation region, NOx is released from the 
NOx occluding member 23. 

[0137] The aforementioned allowable value NOXmax 
is reduced with increases in the amount SOx occluded 
in the NOx occluding member 23, that is, with decreases 
in the occluding capability of the NOx occluding member 
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23. The injected fuel contains sulfur at a certain propor- 
tion that is substantially determined in accordance with 
individual fuels. Therefore, the amount of SOx occluded 
in the NOx occluding member 23 is proportional to the 
integrated value ETAU of basic amounts of injected fuel 
TAU. Therefore, in the third embodiment, the allowable 
value NOXmax is gradually decreased with increases in 
the integrated value ETAU of the amount of injected fuel 
as indicated in FIG. 15. 

[0138] Basically in the third embodiment, the air-fuel 
ratio is temporarily changed from the fuel-lean side to 
the fuel-rich side when the amount ENOX of occluded 
NOx exceeds the allowable value NOXmax as stated 
above. In this case, the allowable value NOXmax is 
gradually decreased as indicated in FIG. 15 during op- 
eration of the engine. Therefore, it can be understood 
that the fuel-rich time interval gradually decreases if a 
substantially constant operation state continues. In the 
third embodiment, the allowable value NOXmax is set 
to a value that is less than the amount of occluded NOx 
occurring when the NOx occluding member 23 starts to 
let out NOx during a fuel-lean operation. Therefore, in 
the third embodiment, the air-fuel ratio is changed from 
the fuel-lean side to the fuel-rich side before the NOx 
occluding member 23 starts to let out NOx during the 
fuel-lean operation. 

[0139] However, if the calculated amount ENOX of oc- 
cluded NOx deviates from the actual amount of occlud- 
ed NOx, the NOx occluding member 23 may start to let 
out NOx despite ENOX < NOXmax. Therefore, in the 
third embodiment, if despite ENOX < NOXmax, the NOx 
occluding member 23 starts to let out NOx, that is, the 
detected current \ A of the NOx ammonia sensor 29 ex- 
ceeds the set value Is, then the air-fuel ratio is tempo- 
rarily changed from the fuel-lean side to the fuel-rich 
side so as to reduce the allowable value NOXmax by a 
predetermined value B. That is, in the third embodiment, 
the allowable value NOXmax is corrected based on the 
detected current I.,. 

[0140] FIGS. 16 and 17 illustrate a routine for carrying 
out the third embodiment. 

[0141] Referring to FIGS. 16 and 17, first in step 500, 
an amount TAU of injected fuel is calculated from the 
map indicated in FIG. 4B. Subsequently in step 501, it 
is determined whether a NOx release flag for indicating 
that NOx should be released from the NOx occluding 
member 23 has been set. If the NOx release flag has 
not been set, the process proceeds to step 502, in which 
an amount NA of NOx occluded per unit time is calcu- 
lated from the map indicated in FIG. 14. Subsequently 
in step 503, an estimated amount ENOX of NOx that is 
considered to be occluded in the NOx occluding mem- 
ber 23 is calculated by adding the amount NA of occlud- 
ed NOx to the existing value of ENOX. 
[0142] Subsequently in step 504, an integrated value 
ETAU of injected fuel is calculated by adding a final 
amount TAUO of injected fuel to the existing value of 
ETAU. Subsequently in step 505, an allowable value 



NOXmax is calculated from the integrated value ETAU 
based on the relationship indicated in FIG. 15. Subse- 
quently in step 506, the allowable value NOXmax is re- 
duced by a correction amount AX. Subsequently in step 

5 507, it is determined whether the detected current ^ of 
the NOx ammonia sensor 29 has exceeded the set val- 
ue Is. If l-| < Is, the process proceeds to step 508, in 
which it is determined whether the amount ENOX of oc- 
cluded NOx has exceeded the allowable value NOX- 

10 max. If ENOX < NOXmax, that is, if the NOx occluding 
capability of the NOx occluding member 23 still has a 
margin, the process jumps to step 509. 
[0143] In step 509, a correction factor K is calculated 
from the map indicated in FIG. 4C. Subsequently in step 

15 510, a final amount TAUO of injected fuel (=K*TAU) is 
calculated by multiplying the basic amount TAU of in- 
jected fuel by the correction factor K. Then, fuel injection 
is performed based on the final amount TAUO of inject- 
ed fuel. Subsequently in step 511, it is determined 

20 whether the target value QRs of the amount of the re- 
ducing agent has become smaller than the set value SS 
for SOx release. If QRs > SS, the processing cycle is 
ended. 

[0144] Conversely, if it is determined in step 508 that 
25 ENOX > NOXmax has come to hold, the process pro- 
ceeds to step 512, in which the NOx release flag is set. 
Subsequently in step 513, in which the NH 3 detection 
flag is set. After that, the process proceeds to step 509. 
If it is determined in step 507 that \ A > Is has come to 
30 hold, that is, the NOx occluding member 23 starts to dis- 
charge NOx, before it is determined in step 508 whether 
ENOx > NOXmax holds, then the process proceeds to 
step 514, in which the a predetermined value B is added 
to the correction amount AX. Subsequently in step 512, 
35 the NOx release flag is set. In this case, therefore, the 
allowable value NOXmax is reduced by the set value B. 
[0145] In the processing cycle following the setting of 
the NOx release flag, the process goes from step 501 
to step 51 5, in which a correction factor K R is calculated 
40 based on the relationship indicated in FIG. 7. Subse- 
quently in step 51 6, a final amount TAUO of injected fuel 
(=K R «TAU) is calculated by multiplying the basic amount 
TAU of injected fuel by the correction factor K R . Then, 
fuel injection is performed based on the final amount 
45 TAUO of injected fuel. At this moment, the combustion 
mode is changed from the stratified charge combustion 
under a fuel-lean air-fuel ratio condition or the uniform 
mixture combustion under a fuel-lean air-fuel ratio con- 
dition to the uniform mixture combustion under a fuel- 
so rich air-fuel ratio condition. As a result, release of NOx 
from the NOx occluding member 23 starts. 
[0146] Subsequently in step 51 7, an amount AQR of 
the reducing agent supplied to the NOx occluding mem- 
ber 23 per fuel injecting action is calculated as in the 
55 following equation: 

AQR = TAU*(K R - 1.0) 
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[0147] Subsequently in step 51 8, the total amount QR 
of the reducing agent supplied to the NOx occluding 
member 23 is determined by adding the amount AQR 
of the reducing agent to the present total amount QR. 
Subsequently in step 51 9, it is determined whether the 
total amount QR of the reducing agent has exceeded a 
target value QRs. If QR < QRs, the process jumps to 
step 511. Conversely, if QR > QRs, the process pro- 
ceeds to step 520, in which the NOx release flag is reset. 
Subsequently in step 521, the total amount QR of the 
reducing agent is cleared. Then, the process proceeds 
to step 511. If the NOx release flag is reset, the air-fuel 
ratio is changed from the fuel-rich side to the fuel-lean 
side. 

[0148] If it is determined in step 511 that QRs < SS 
holds, the process proceeds to step 522, in which a 
process of releasing SOx from the NOx occluding mem- 
ber 23 is executed. Specifically, the air-fuel ratio is shift- 
ed to the fuel-rich side while the temperature of the NOx 
occluding member 23 is kept approximately at or above 
600°C. After the operation of releasing SOx from the 
NOx occluding member 23 is completed, the process 
proceeds to step 523, in which a predetermined maxi- 
mum total amount QRmax of the reducing agent is set 
as a target value QRs, and ETAU is set to zero. 
[0149] In the third embodiment, the target value QRs 
is calculated by a routine as illustrated in FIG. 9, 10 or 
12. 

[0150] Next, a fourth embodiment of the invention will 
be described with reference to FIGS. 18 and 19. The 
fourth embodiment of the invention is applicable to an 
internal combustion engine as in the first to third embod- 
iments. If in such an internal combustion engine, the air- 
fuel ratio is kept on the fuel-rich side even after comple- 
tion of the release of NOx from the NOx occluding mem- 
ber 23, ammonia NH 3 is discharged from the NOx oc- 
cluding member 23 because ammonia NH 3 is no longer 
consumed to reduce NOx. 

[0151] Thus, if the air-fuel ratio of exhaust gas flowing 
into the NOx occluding member 23 is kept to be on the 
fuel-rich side even after completion of the release of 
NOx from the NOx occluding member 23 based on the 
fuel-rich air-fuel ratio of exhaust gas, ammonia is let out 
of the NOx occluding member 23. Therefore, by moni- 
toring discharge of ammonia from the NOx occluding 
member 23, it is possible to determine whether the re- 
lease of NOx from the NOx occluding member 23 has 
been completed. 

[0152] In this embodiment, therefore, it is determined 
whether the release of NOx from the NOx occluding 
member 23 has been completed based on a change in 
the ammoniaconcentration detected by the NOx ammo- 
nia sensor 29. 

[0153] Referring to FIG. 18, ENOX indicates the 
amount of NOx occluded in the NOx occluding member 
23, and \ A indicates the electric current detected by the 
NOx ammonia sensor 29. In FIG. 18, NOx and NH 3 in- 
dicate changes in the NOx ammonia sensor 29-detect- 



ed current caused by changes in the NOx concentration 
in exhaust gas and changes in the NH 3 concentration in 
exhaust gas, respectively. These detected currents both 
appear in the detected current \ A of the NOx ammonia 
5 sensor 29. Furthermore, A/F indicates the average air- 
fuel ratio of mixture in the combustion chamber 5. 
[0154] As indicated in FIG. 18, as the amount ENOX 
of NOx occluded in the NOx occluding member 23 in- 
creases and approaches a limit of the occluding capa- 
bility of the NOx occluding member 23, the NOx occlud- 
ing member 23 starts to let out NOx, so that the detected 
current \ A of the NOx ammonia sensor 29 starts to rise. 
In the embodiment indicated in FIG. 18, when the NOx 
concentration exceeds a predetermined set value after 
the NOx occluding member 23 starts to let out the NOx, 
that is, when the detected current of the NOx ammonia 
sensor 29 exceeds a predetermined set value Is, the air- 
fuel ratio A/F is changed from the fuel-lean side to the 
fuel-rich side so as to release NOx from the NOx occlud- 
ing member 23. After the change of the air-fuel ratio from 
the lean side to the rich side, a time is needed before a 
fuel-rich air-fuel ratio exhaust gas reaches the NOx oc- 
cluding member 23. Therefore, the amount of NOx dis- 
charged from the NOx occluding member 23 continues 
to increase immediately after the change of the air-fuel 
ratio A/F to the rich side. Then, the reducing agent 
present in the fuel-rich air-fuel ratio exhaust gas starts 
to reduce NOx, so that the discharge of NOx from the 
NOx occluding member 23 discontinues. Therefore, fol- 
lowing the change of the air-fuel ratio from the fuel-lean 
side to the fuel-rich side, the detected current of the 
NOx ammonia sensor 29 rises for a short time, and then 
drops to zero. 

[0155] The amount ENOX of the reducing agent oc- 
cluded in the NOx occluding member 23 gradually de- 
creases after the change of the air-fuel ratio from the 
lean side to the rich side. Then, when the amount ENOX 
of NOx substantially becomes zero, that is, when the 
release of NOx from the NOx occluding member 23 is 
completed, the NOx occluding member 23 starts to let 
out ammonia, so that the ammonia concentration in ex- 
haust gas let of the NOx occluding member 23 starts to 
rise. In the invention, it is determined that the release of 
NOx from the NOx occluding member 23 has been com- 
pleted when the ammonia concentration in exhaust gas 
starts to rise. At this moment, the air-fuel ratio of exhaust 
gas flowing into the NOx occluding member 23 is 
changed from the fuel-rich side to the fuel-lean side. 
[0156] In the embodiment indicated in FIG. 18, when 
the ammonia concentration in exhaust gas starts to rise 
and the detected current \ A of the NOx ammonia sensor 
29 exceeds a set value It, it is determined that that the 
release of NOx from the NOx occluding member 23 has 
been completed. At this moment, the air-fuel ratio of ex- 
haust gas flowing into the NOx occluding member 23 is 
changed from the fuel-rich side to the fuel-lean side. 
[0157] FIG. 19 illustrates a routine for carrying out the 
fourth embodiment. 
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[0158] Referring to FIG. 19, first in step 600, a basic 
amount TAU of injected fuel is determined from the map 
indicated in FIG. 4(B). Subsequently in step 601, it is 
determined whether a NOx release flag for indicating 
that NOx should be released from the NOx occluding 
member 23 has been set. If the NOx release flag has 
not been set, the process proceeds to step 602, in which 
it is determined whether the detected current I-, of the 
NOx ammonia sensor 29 has exceeded the set value 
Is. If ^ < Is, that is, if the NOx occluding capability of the 
NOx occluding member 23 still has a margin, the proc- 
ess jumps to step 604. 

[0159] In step 604, a correction factor K is determined 
from the map indicated in FIG. 4C. Subsequently in step 
605, a final amount TAUO of injected fuel (=K*TAU) is 
calculated by multiplying the basic amount TAU of in- 
jected fuel by the correction factor K. Then, fuel injection 
is performed based on the final amount TAUO of inject- 
ed fuel. Subsequently in step 611, it is determined 
whether to release SOx. If it is not appropriate to release 
SOx, the processing cycle is ended. 
[0160] Conversely, if it is determined in step 602 that 
^ > Is has come to hold, that is, if the NOx occluding 
member 23 starts to let out NOx, the process proceeds 
to step 603, in which the NOx release flag is set. After 
that, the process proceeds to step 604. 
[0161] In the processing cycle following the setting of 
the NOx release flag, the process goes from step 601 
to step 606, in which a fuel-rich correction factor K R (> 
1.0) is calculated. Subsequently in step 607, a final 
amount TAUO of injected fuel (=K R *TAU) is calculated 
by multiplying the basic amount TAU of injected fuel by 
the fuel-rich correction factor K R . Then, fuel injection is 
performed based on the final amount TAUO of injected 
fuel. At this moment, the combustion mode is changed 
from the stratified charge combustion under a fuel-lean 
air-fuel ratio condition or the uniform mixture combus- 
tion under a fuel-lean air-fuel ratio condition to the uni- 
form mixture combustion under a fuel-rich air-fuel ratio 
condition. As a result, release of NOx from the NOx oc- 
cluding member 23 starts. 

[0162] Subsequently in step 608, it is determined 
whether the elapse time t following the setting of the 
NOx release flag has exceeded a constant time t v The 
constant time t 1 is a time that elapses from the change 
of the air-fuel ratio from the fuel-lean side to the fuel-rich 
side until the detected current ^ of the NOx ammonia 
sensor 29 decreases to zero. If t > t 1 holds, the process 
proceeds to step 609, in which the detected current \ A 
of the NOx ammonia sensor 29 has exceeded a prede- 
termined set value It. If \ A > It holds, the process pro- 
ceeds to step 61 0, in which the NOx release flag is reset. 
Then, the process proceeds to step 611 . If the NOx re- 
lease flag is reset, the air-fuel ratio is changed from the 
fuel-rich side to the fuel-lean side. 
[0163] If it is determined in step 611 that SOx should 
be released, the process proceeds to step 612, in which 
a process of releasing SOx from the NOx occluding 



member 23 is executed. That is, the air-fuel ratio is 
changed to the rich side while the temperature of the 
NOx occluding member 23 is kept substantially at or 
above 600°C. 

5 [0164] Next, a fifth embodiment of the invention will 
be described with reference to FIGS. 20 and 21. 
[0165] In this embodiment, the amount of NOx occlud- 
ed into the NOx occluding member 23 is estimated, and 
a fuel-rich time interval between a fuel-rich shift of the 

10 air-fuel ratio of exhaust gas flowing into the NOx occlud- 
ing member 23 and the next fuel-rich shift of the air-fuel 
ratio is controlled based on the estimated amount of 
NOx occluded. Furthermore, the fuel-rich time interval 
is corrected based on the detected current l 1? as in the 

15 third embodiment. 

[0166] Specifically, the fifth embodiment includes an 
amount-of-occluded-NOx estimating device that esti- 
mates the amount of NOx occluded in the NOx occlud- 
ing member 23. When the amount ENOX of occluded 

20 NOx estimated by the amount-of-occluded-NOx esti- 
mating device exceeds an allowable value NOXmax as 
indicated in FIG. 13, the air-fuel ratio is temporarily 
changed from the fuel-lean side to the fuel-rich side. 
[0167] In this embodiment, amounts NA of occluded 

25 NOx corresponding to states of operation of the engine 
as indicated in FIG. 14 are integrated during operation 
of the engine, thereby calculating an estimated amount 
ENOX of NOx that is considered to be occluded in the 
NOx occluding member 23. It should be noted herein 

30 that the value of NA becomes negative in an operation 
region where the air-fuel ratio equals the stoichiometric 
air-fuel ratio or is on the fuel-rich side thereof, because 
in such an operation region, NOx is released from the 
NOx occluding member 23. 

35 [0168] In the fifth embodiment, the allowable value 
NOXmax is gradually decreased with increases in the 
integrated value ETAU of the amount of injected fuel as 
indicated in FIG. 15. 

[0169] Basically in the fifth embodiment, the air-fuel 
40 ratio is temporarily changed from the fuel-lean side to 
the fuel-rich side when the amount ENOX of occluded 
NOx exceeds the allowable value NOXmax, as men- 
tioned above. 

[01 70] Furthermore in the fifth embodiment, the allow- 
45 able value NOXmax is set to a value that is less than 
the amount of occluded NOx occurring when the NOx 
occluding member 23 starts to let out NOx during a fuel- 
lean operation. Therefore, in the fifth embodiment, the 
air-fuel ratio is changed from the fuel-lean side to the 
50 fuel-rich side before the NOx occluding member 23 
starts to let out NOx during the fuel-lean operation. 
[0171] In the fifth embodiment, the allowable value 
NOXmax is corrected based on the detected current I.,. 
[0172] FIGS. 20 and 21 illustrate a routine for carrying 
55 out the fifth embodiment. 

[0173] Referring to FIGS. 20 and 21 , first in step 700, 
an amount TAU of injected fuel is calculated from the 
map indicated in FIG. 4B. Subsequently in step 701, it 
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is determined whether a NOx release flag for indicating 
that NOx should be released from the NOx occluding 
member 23 has been set. If the NOx release flag has 
not been set, the process proceeds to step 702, in which 
an amount NA of NOx occluded per unit time is calcu- 
lated from the map indicated in FIG. 14. Subsequently 
in step 703, an estimated amount ENOX of NOx that is 
considered to be occluded in the NOx occluding mem- 
ber 23 is calculated by adding the amount NA of occlud- 
ed NOx to the existing value of ENOX. 
[0174] Subsequently in step 704, an integrated value 
ETAU of injected fuel is calculated by adding a final 
amount TAUO of injected fuel to the existing value of 
ETAU. Subsequently in step 705, an allowable value 
NOXmax is calculated from the integrated value ETAU 
based on the relationship indicated in FIG. 15. Subse- 
quently in step 706, the allowable value NOXmax is re- 
duced by a correction amount AX. Subsequently in step 
707, it is determined whether the detected current ^ of 
the NOx ammonia sensor 29 has exceeded the set val- 
ue Is. If l-| < Is, the process proceeds to step 709, in 
which it is determined whether the amount ENOX of oc- 
cluded NOx has exceeded the allowable value NOX- 
max. If ENOX < NOXmax, that is, if the NOx occluding 
capability of the NOx occluding member 23 still has a 
margin, the process jumps to step 711 . 
[0175] In step 711, a correction factor K is calculated 
from the map indicated in FIG. 4C. Subsequently in step 
712, a final amount TAUO of injected fuel (=K»TAU) is 
calculated by multiplying the basic amount TAU of in- 
jected fuel by the correction factor K. Then, fuel injection 
is performed based on the final amount TAUO of inject- 
ed fuel. Subsequently in step 718, it is determined 
whether the allowable value NOXmax has become less 
than a lower limit value MIN for release of SOx. If NOX- 
max > MIN, the processing cycle is ended. 
[0176] Conversely, if it is determined in step 709 that 
ENOX > NOXmax holds, the process proceeds to step 
71 0, in which the NOx release flag is set. After that, the 
process proceeds to step 711. If it is determined in step 
707 that \ A > Is has come to hold, that is, the NOx oc- 
cluding member 23 starts to discharge NOx, before it is 
determined in step 709 whetherENOx > NOXmax holds, 
then the process proceeds to step 708, in which the a 
predetermined value B is added to the correction 
amount AX. Subsequently in step 71 0, the NOx release 
flag is set. In this case, therefore, the allowable value 
NOXmax is reduced by the set value B. 
[0177] In the processing cycle following the setting of 
the NOx release flag, the process goes from step 701 
to step 713, in which a fuel-rich correction factor K R (> 
1.0) is calculated. Subsequently in step 714, a final 
amount TAUO of injected fuel (=K R *TAU) is calculated 
by multiplying the basic amount TAU of injected fuel by 
the fuel-rich correction factor K R . Then, fuel injection is 
performed based on the final amount TAUO of injected 
fuel. At this moment, the combustion mode is changed 
from the stratified charge combustion under a fuel-lean 



air-fuel ratio condition or the uniform mixture combus- 
tion under a fuel-lean air-fuel ratio condition to the uni- 
form mixture combustion under a fuel-rich air-fuel ratio 
condition. As a result, release of NOx from the NOx oc- 
5 eluding member 23 starts. 

[0178] Subsequently in step 715, it is determined 
whether the elapse time t following the setting of the 
NOx release flag has exceeded a constant time t,. The 
constant time t 1 is a time that elapses from the change 
10 of the air-fuel ratio from the fuel-lean side to the fuel-rich 
side caused in response to \ A > Is until the detected cur- 
rent I., of the NOx ammonia sensor 29 decreases to ze- 
ro. If t > t 1 holds, the process proceeds to step 716, in 
which the detected current ^ of the NOx ammonia sen- 
's sor 29 has exceeded a predetermined set value It. If ^ 
> It holds, the process proceeds to step 717, in which 
the NOx release flag is reset. Then, the process pro- 
ceeds to step 718. If the NOx release flag is reset, the 
air-fuel ratio is changed from the fuel-rich side to the fu- 
20 el-lean side. 

[0179] Conversely, if it is determined in step 718 that 
NOXmax < MIN holds, the process proceeds to step 
71 9, in which a process of releasing SOx from the NOx 
occluding member 23 is executed. That is, the air-fuel 
25 ratio is changed to the rich side while the temperature 
of the NOx occluding member 23 is kept substantially at 
or above 600°C. After the operation of releasing SOx 
from the NOx occluding member 23 is completed, the 
process proceeds to step 720, in which NOXmax is set 
30 to an initial value, and ETAU is set to zero. 

[01 80] A sixth embodiment of the invention will be de- 
scribed with reference to FIGS. 22 to 26. 
[01 81 ] FIG. 22 illustrates a direct injection-type spark 
injection engine to which the sixth and seventh embod- 
35 iments of the invention are applied. The invention is also 
applicable to a compression ignition-type internal com- 
bustion engine. 

[0182] The internal combustion engine illustrated in 
FIG. 22 has substantially the same construction as the 
40 internal combustion engine shown in FIG. 1 , except that 
in addition to a NOx ammonia sensor 29, an air-fuel ratio 
sensor 80 is disposed in an exhaust pipe 25. Portions 
and arrangements of the engine comparable to those of 
the engine illustrated in FIG. 1 are represented by com- 
45 parable reference numerals, and will not be described 
again. An output signal of the air-fuel ratio sensor 80 is 
inputted to an input port 35 via an A/D converter 37. 
[0183] FIG. 23 indicates the output voltage E (V) of 
the air-fuel ratio sensor 80 disposed in the exhaust pipe 
50 25 downstream of a NOx occluding member 23, that is, 
the output signal level of an air-fuel ratio detector in a 
broader expression. As is apparent from FIG. 23, the 
air-fuel ratio sensor 80 generates an output voltage of 
about 0.9 (V) when the air-fuel ratio of exhaust gas is 
55 on the fuel-rich side of the stoichiometric air-fuel ratio, 
and generates an output voltage of about 0.1 (V) when 
the air-fuel ratio of exhaust gas is on the fuel-lean side. 
That is, in the example indicated in FIG. 23, the output 
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signal level indicating that the air-fuel ratio is on the fuel- 
rich side is 0.9 (V), and the output signal level indicating 
that the air-fuel ratio is on the fuel-lean side is 0.1 (V). 
[0184] The exhaust gas air-fuel ratio can be detected 
from the electric current l 2 of the NOx ammonia sensor 
29 as described above. Therefore, the NOx ammonia 
sensor 29 may be used as an air-fuel ratio detector. In 
that case, it becomes unnecessary to provide the air- 
fuel ratio sensor 80. 

[0185] The sixth embodiment of the reducing agent 
supplying control will be described with reference to 
FIG. 24. 

[0186] Referring to FIG. 24, ENOX indicates the 
amount of NOx occluded in the NOx occluding member 
23, and ^ indicates the electric current detected by the 
NOx ammonia sensor 29. In FIG. 24, NOx and NH 3 in- 
dicate changes in the NOx ammonia sensor 29-detect- 
ed current caused by changes in the NOx concentration 
in exhaust gas and changes in the NH 3 concentration in 
exhaust gas, respectively. These detected currents both 
appear in the detected current of the NOx ammonia 
sensor 29. Furthermore, E indicates the output voltage 
of the air-fuel ratio sensor 80, and A/F indicates the av- 
erage air-fuel ratio of mixture in the combustion cham- 
ber. 

[0187] As indicated in FIG. 24, as the amount ENOX 
of NOx occluded in the NOx occluding member 23 in- 
creases and approaches a limit of the occluding capa- 
bility of the NOx occluding member 23, the NOx occlud- 
ing member 23 starts to let out NOx, so that the detected 
current I-, of the NOx ammonia sensor 29 starts to rise. 
In the embodiment indicated in FIG. 24, when the NOx 
concentration exceeds a predetermined set value after 
the NOx occluding member 23 starts to let out the NOx, 
that is, when the detected current \ A of the NOx ammonia 
sensor 29 exceeds a predetermined set value Is, the air- 
fuel ratio A/F is changed from the fuel-lean side to the 
fuel-rich side so as to release NOx from the NOx occlud- 
ing member 23. After the change of the air-fuel ratio from 
the lean side to the rich side, a time is needed before a 
fuel-rich air-fuel ratio exhaust gas reaches the NOx oc- 
cluding member 23. Therefore, the amount of NOx dis- 
charged from the NOx occluding member 23 continues 
to increase immediately after the change of the air-fuel 
ratio A/F to the rich side. Then, the reducing agent 
present in the fuel-rich air-fuel ratio exhaust gas starts 
to reduce NOx, so that the discharge of NOx from the 
NOx occluding member 23 discontinues. Therefore, fol- 
lowing the change of the air-fuel ratio from the fuel-lean 
side to the fuel-rich side, the detected current ^ of the 
NOx ammoniasensor29 rises for a short time, and then 
drops to zero. 

[01 88] After the air-fuel ratio is changed from the fuel- 
lean side to the fuel-rich side, release of NOx from the 
NOx occluding member 23 starts, so that the amount 
ENOX of NOx occluded in the NOx occluding member 
23 gradually decreases. 

[0189] After the change of the air-fuel ratio from the 



fuel-lean side to the fuel-rich side, an excess amount of 
fuel, that is, the reducing agent, is consumed to reduce 
NOx, so that the air-fuel ratio of exhaust gas discharged 
from the NOx occluding member 23 becomes substan- 
5 tially equal to the stoichiometric air-fuel ratio. Although 
the reason is altogether clear, the air-fuel ratio of ex- 
haust gas discharged from the NOx occluding member 
23 tends to slightly shift to the fuel-lean side when the 
NOx occluding member 23 has not deteriorated. If the 
10 NOx occluding member 23 deteriorates, the air-fuel ratio 
of exhaust gas discharged from the NOx occluding 
member 23 tends to slightly shift to the fuel-rich side. 
However, in either case, the air-fuel ratio of exhaust gas 
discharged from the NOx occluding member 23 be- 
15 comes smaller near the completion of the release of 
NOx from the NOx occluding member 23. 
[0190] FIG. 24 indicates a case where at the time of 
changing the air-fuel ratio from the fuel-lean side to the 
fuel-rich side, the air-fuel ratio of exhaust gas dis- 
20 charged from the NOx occluding member 23 is slightly 
to the lean side. When the release of NOx from the NOx 
occluding member 23 approaches the completion, that 
is, when the amount ENOX of occluded NOx approach- 
es zero, the output voltage E of the air-fuel ratio sensor 
25 80 changes, that is, rises, toward an output signal level 
indicating that the air-fuel ratio is on the rich side. The 
output signal level E changes with good responsive- 
ness. Therefore, by changing the air-fuel ratio from the 
fuel-rich side to the fuel-lean side based on a change in 
30 the output signal level E, it becomes possible to change 
the air-fuel ratio from the fuel-rich side to the fuel-lean 
side upon completion of the release of NOx from the 
NOx occluding member 23. 

[01 91 ] Therefore, in the embodiment indicated in FIG. 
35 24, a reference voltage Es is set beforehand with re- 
spect to the output voltage E of the air-fuel ratio sensor 
80; in a general expression, a reference level Es is pre- 
set with respect to the output signal level E of an air-fuel 
ratio detector. If the output signal level E exceeds the 
40 reference level Es, the air-fuel ratio is changed from the 
fuel-rich side to the fuel-lean side. 
[01 92] Although the output voltage E of the air-fuel ra- 
tio sensor 80 changes with good responsiveness, the 
manner of change in the output voltage E varies due to 
45 performance variations of air-fuel ratio sensors 80 and 
NOx occluding members 29 or aging. Therefore, if the 
reference level Es is fixed to a constant value, there may 
be a case where the air-fuel ratio cannot be changed 
from the fuel-rich side to the fuel-lean side at the time 
50 of completion of the release of NOx. 

[01 93] If after the change of the air-fuel ratio from the 
fuel-lean side to the fuel-rich side, a surplus amount of 
the reducing agent that is not used to release and re- 
duce NOx occluded in the NOx occluding member 23, 
55 ammonia NH 3 is discharged from the NOx occluding 
member 23, so that the detected current \ A of the NOx 
ammonia sensor 29 rises as indicated in FIG. 24. In this 
case, the integrated value El of detected current I-, indi- 
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cated by hatching in FIG. 24 and the maximum value 
Imax of detected current \ A indicate the surplus amount 
of the reducing agent. 

[0194] Although the detected current \ A of the NOx 
ammonia sensor 29 delays in response to completion 
of the release of NOx, the surplus amount of the reduc- 
ing agent can be accurately determined from the detect- 
ed current I-,. In this embodiment, therefore, the refer- 
ence voltage Es is changed so that the air-fuel ratio of 
exhaust gas is changed from the fuel-rich side to the 
fuel-lean side at the time of completion of the release of 
NOx from the NOx occluding member 23 based on 
changes in the detected current ^ of the NOx ammonia 
sensor 29, that is, based on changes in the ammonia 
concentration. 

[0195] Specifically, a small target value is pre-set re- 
garding the integrated value El of detected current or 
the maximum value Imax of detected current \ A . If El or 
Imax becomes greater than the target value, that is, if 
the surplus amount of the reducing agent is relatively 
great, the reference level Es is reduced, that is, the ref- 
erence level Es is changed toward the side of an output 
signal level that indicates a fuel-lean air-fuel ratio, by 
advancing the timing of changing the air-fuel ratio from 
the fuel-rich side to the fuel-lean side so as to reduce 
the surplus amount of the reducing agent. If El or Imax 
becomes smaller than the target value, that is, if the sur- 
plus amount of the reducing agent is zero or nearly zero, 
the reference level Es is raised, that is, the reference 
level Es is changed toward the side of an output signal 
level that indicates a fuel-rich air-fuel ratio, by retarding 
the timing of changing the air-fuel ratio from the fuel-rich 
side to the fuel-lean side so as to increase the surplus 
amount of the reducing agent. 

[0196] FIG. 25 illustrates a routine for carrying out the 
sixth embodiment. 

[0197] Referring to FIG. 25, first in step 800, a basic 
amount TAU of injected fuel is determined from the map 
indicated in FIG. 4(B). Subsequently in step 801, it is 
determined whether a NOx release flag for indicating 
that NOx should be released from the NOx occluding 
member 23 has been set. If the NOx release flag has 
not been set, the process proceeds to step 802, in which 
it is determined whether the detected current ^ of the 
NOx ammonia sensor 29 has exceeded the set value 
Is. If \ A < Is, that is, if the NOx occluding capability of the 
NOx occluding member 23 still has a margin, the proc- 
ess jumps to step 805. 

[0198] In step 804, a correction factor K is determined 
from the map indicated in FIG. 4C. Subsequently in step 
805, a final amount TAUO of injected fuel (=K*TAU) is 
calculated by multiplying the basic amount TAU of in- 
jected fuel by the correction factor K. Then, fuel injection 
is performed based on the final amount TAUO of inject- 
ed fuel. Subsequently in step 807, it is determined 
whether to execute a SOx releasing process for releas- 
ing SOx from the NOx occluding member 23. If it is not 
necessary to execute the SOx releasing process, the 



processing cycle is ended. 

[0199] Conversely, if it is determined in step 802 that 
l-i > Is has come to hold, that is, if the NOx occluding 
member 23 starts to let out NOx, the process proceeds 

5 to step 803, in which the NOx release flag is set. Sub- 
sequently in step 804, the NH 3 detection flag is set. After 
that, the process proceeds to step 805. 
[0200] In the processing cycle following the setting of 
the NOx release flag, the process goes from step 801 

10 to step 808, in which a fuel-rich correction factor K R (> 
1.0) is calculated. Subsequently in step 809, a final 
amount TAUO of injected fuel (=K R *TAU) is calculated 
by multiplying the basic amount TAU of injected fuel by 
the fuel-rich correction factor K R . Then, fuel injection is 

15 performed based on the final amount TAUO of injected 
fuel. At this moment, the combustion mode is changed 
from the stratified charge combustion under a fuel-lean 
air-fuel ratio condition or the uniform mixture combus- 
tion under a fuel-lean air-fuel ratio condition to the uni- 

20 form mixture combustion under a fuel-rich air-fuel ratio 
condition. As a result, release of NOx from the NOx oc- 
cluding member 23 starts. 

[0201] Subsequently in step 810, it is determined 
whether the output voltage E of the air-fuel ratio sensor 

25 80 has exceeded the reference voltage Es. If E < Es, 
the process proceeds to step 807. Conversely, if E > Es 
holds, the process proceeds to step 811, in which the 
NH 3 detection flag is reset. If the NOx release flag is 
reset, the air-fuel ratio is changed from the fuel-rich side 

30 to the fuel-lean side. 

[0202] If it is determined in step 807 that the SOx re- 
leasing process should be executed, the process pro- 
ceeds to step 81 2, in which the process of releasing SOx 
from the NOx occluding member 23 is executed. That 

35 is, the air-fuel ratio is changed to the rich side while the 
temperature of the NOx occluding member 23 is kept 
substantially at or above 600°C. 

[0203] FIG. 26 illustrates a routine for calculating a 
target voltage Es. 

40 [0204] Referring to FIG. 26, it is first determined in 
step 900 whether the NH 3 detection flag has been set. 
The NH 3 detection flag is set when it is determined that 
^ > Is holds in step 802 in FIG. 25. If the NH 3 detection 
flag has been set, the process proceeds to step 901 , in 

45 which it is determined whether the elapsed time t follow- 
ing the setting of the NH 3 detection flag has exceeded 
a constant time t v The constant time t 1 is a time that 
elapses from the change of the air-fuel ratio from the 
fuel-lean side to the fuel-rich side until the detected cur- 

50 rent \ A of the NOx ammonia sensor 29 decreases to ze- 
ro. If t > t 1 holds, the process proceeds to step 902, in 
which it is determined whether the elapsed time t follow- 
ing the setting of the NH 3 detection flag has exceeded 
a constant time t 2 . The constant time t 2 sufficiently al- 

55 lows the NOx ammonia sensor 29 to detect an ammonia 
concentration when ammonia is discharged from the 
NOx occluding member 23 regardless of the amount of 
ammonia discharged. If t < t 2 , the process proceeds to 
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step 903. 

[0205] In step 903, the detected current \ A of the NOx 
ammonia sensor 29 is calculated. Subsequently in step 
904, an integrated value El of detected current is calcu- 
lated by adding the detected current ^ to the existing 
value of El. If it is determined in step 902 that t > t 2 has 
come to hold, the process proceeds to step 905, in which 
it is determined whether the integrated value El of de- 
tected current is greater than the target value Sr. If El > 
Sr, the process proceeds to step 906, in which the ref- 
erence voltage Es is reduced by a predetermined set 
value a. After that, the process proceeds to step 908. 
Conversely, if El < Sr, the process proceeds to step 907, 
in which the reference voltage Es is increased by the 
predetermined set value a. After that, the process pro- 
ceeds to step 908. In step 908, El is cleared, and the 
NH 3 detection flag is reset. 

[0206] FIG. 27 illustrates another routine for calculat- 
ing a target voltage Es. 

[0207] Referring to FIG. 27, it is first determined in 
step 1 000 whether the NH 3 detection flag has been set. 
The NH 3 detection flag is set when it is determined that 
\ A > Is holds in step 802 in FIG. 25. If the NH 3 detection 
flag is not set, the process proceeds to step 1001, in 
which it is determined whether the elapsed time t follow- 
ing the setting of the NH 3 detection flag has exceeded 
a constant time t v The constant time t 1} as mentioned 
above, is a time that elapses from the change of the air- 
fuel ratio from the fuel-lean side to the fuel-rich side until 
the detected current \ A of the NOx ammonia sensor 29 
decreases to zero. If t > t 1 holds, the process proceeds 
to step 1002, in which it is determined whether the 
elapsed time t following the setting of the NH 3 detection 
flag has exceeded a constant time t 2 . The constant time 
t 2 , as mentioned above, sufficiently allows the NOx am- 
monia sensor 29 to detect an ammonia concentration 
when ammonia is discharged from the NOx occluding 
member 23 regardless of the amount of ammonia dis- 
charged. If t < t 2 , the process proceeds to step 1 003. 
[0208] In step 1003, it is determined whether the de- 
tected current \ A is greater than Imax. 
[0209] If 1 1 > I max, the process proceeds to step 1 004, 
in which the detected current is set as a maximum 
value Imax of detected current. If it is determined in step 
1 002 that t > t 2 has come to hold, the process proceeds 
to step 1 005, in which it is determined whether the max- 
imum value Imax of detected current is greater than a 
target maximum value Imaxr. If Imax > Imaxr, the proc- 
ess proceeds to step 1006, in which the reference volt- 
age Es is reduced by a predetermined set value a. After 
that, the process proceeds to step 1008. Conversely, if 
Imax < Imaxr, the process proceeds to step 1007, in 
which the reference voltage Es is increased by the pre- 
determined set value a. After that, the process proceeds 
to step 1008. In step 1008, El is cleared, and the NH 3 
detection flag is reset. 

[0210] Next described will be a seventh embodiment 
of the invention. 



[0211] The seventh embodiment is applied to the in- 
ternal combustion engine illustrated in FIG. 22. 
[0212] In the seventh embodiment, the amount of 
NOx occluded into the NOx occluding member 23 is es- 

5 timated, and a fuel-rich time interval between a fuel-rich 
shift of the air-fuel ratio of exhaust gas flowing into the 
NOx occluding member 23 and the next fuel-rich shift of 
the air-fuel ratio is controlled based on the estimated 
amount of NOx occluded. Furthermore, the fuel-rich 

10 time interval is corrected based on the detected current 
I 15 as in the third embodiment. 

[0213] Specifically, the seventh embodiment includes 
an amount-of-occluded-NOx estimating device that es- 
timates the amount of NOx occluded in the NOx occlud- 
es jng member 23. When the amount ENOX of occluded 
NOx estimated by the amount-of-occluded-NOx esti- 
mating device exceeds an allowable value NOXmax as 
indicated in FIG. 13, the air-fuel ratio is temporarily 
changed from the fuel-lean side to the fuel-rich side. 
20 [0214] In this embodiment, amounts NA of occluded 
NOx corresponding to states of operation of the engine 
as indicated in FIG. 14 are integrated during operation 
of the engine, thereby calculating an estimated amount 
ENOX of NOx that is considered to be occluded in the 
25 NOx occluding member 23. It should be noted herein 
that the value of NA becomes negative in an operation 
region where the air-fuel ratio equals the stoichiometric 
air-fuel ratio or is on the fuel-rich side thereof, because 
in such an operation region, NOx is released from the 
30 NOx occluding member 23. 

[0215] In the seventh embodiment, the allowable val- 
ue NOXmax is gradually decreased with increases in 
the integrated value ETAU of the amount of injected fuel 
as indicated in FIG. 15. 
35 [0216] Basically in the seventh embodiment, the air- 
fuel ratio is temporarily changed from the fuel-lean side 
to the fuel-rich side when the amount ENOX of occluded 
NOx exceeds the allowable value NOXmax, as men- 
tioned above. Furthermore in the seventh embodiment, 
40 the allowable value NOXmax is set to a value that is less 
than the amount of occluded NOx occurring when the 
NOx occluding member 23 starts to let out NOx during 
a fuel-lean operation. Therefore, in the seventh embod- 
iment, the air-fuel ratio is changed from the fuel-lean 
45 side to the fuel-rich side before the NOx occluding mem- 
ber 23 starts to let out NOx during the fuel-lean opera- 
tion. 

[0217] In the seventh embodiment, the allowable val- 
ue NOXmax is corrected based on the detected current 
50 | v 

[021 8] FIGS. 28 and 29 illustrate a routine for carrying 
out the seventh embodiment. 

[021 9] Referring to FIGS. 28 and 29, first in step 1 1 00, 
an amount TAU of injected fuel is calculated from the 
55 map indicated in FIG. 4B. Subsequently in step 1 1 01 , it 
is determined whether a NOx release flag for indicating 
that NOx should be released from the NOx occluding 
member 23 has been set. If the NOx release flag has 
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not been set, the process proceeds to step 1102, in 
which an amount NA of NOx occluded per unit time is 
calculated from the map indicated in FIG. 14. Subse- 
quently in step 1103, an estimated amount ENOX of 
NOx that is considered to be occluded in the NOx oc- 
cluding member 23 is calculated by adding the amount 
NA of occluded NOx to the existing value of ENOX. 
[0220] Subsequently in step 1 1 04, an integrated value 
ETAU of injected fuel is calculated by adding a final 
amount TAUO of injected fuel to the existing value of 
ETAU. Subsequently in step 1105, an allowable value 
NOXmax is calculated from the integrated value ETAU 
based on the relationship indicated in FIG. 15. Subse- 
quently in step 1106, the allowable value NOXmax is 
reduced by a correction amount AX. Subsequently in 
step 1 1 07, it is determined whether the detected current 
^ of the NOx ammonia sensor 29 has exceeded the set 
value Is. If \ A < Is, the process proceeds to step 1 1 08, in 
which it is determined whether the amount ENOX of oc- 
cluded NOx has exceeded the allowable value NOX- 
max. If ENOX < NOXmax, that is, if the NOx occluding 
capability of the NOx occluding member 23 still has a 
margin, the process jumps to step 1 1 09. 
[0221] In step 11 09, a correction factor K is calculated 
from the map indicated in FIG. 4C. Subsequently in step 
1 1 1 0, a final amount TAUO of injected fuel (=K*TAU) is 
calculated by multiplying the basic amount TAU of in- 
jected fuel by the correction factor K. Then, fuel injection 
is performed based on the final amount TAUO of inject- 
ed fuel. Subsequently in step 1111, it is determined 
whether a SOx releasing process for releasing SOx from 
the NOx occluding member 23 should be executed. If it 
is not necessary to perform the SOx releasing process, 
the processing cycle is ended. 

[0222] Conversely, if it is determined in step 1 1 08 that 
ENOX > NOXmax has come to hold, the process pro- 
ceeds to step 1 1 1 2, in which the NOx release flag is set. 
Subsequently in step 1113, in which the NH 3 detection 
flag is set. After that, the process proceeds to step 1 1 09. 
If it is determined in step 1107 that \ : > Is has come to 
hold, that is, the NOx occluding member 23 starts to dis- 
charge NOx, before it is determined in step 1 1 08 wheth- 
er ENOx > NOXmax holds, then the process proceeds 
to step 1114, in which the a predetermined value B is 
added to the correction amount AX. Subsequently in 
step 1112, the NOx release flag is set. I n this case, there- 
fore, the allowable value NOXmax is reduced by the set 
value B. 

[0223] In the processing cycle following the setting of 
the NOx release flag, the process goes from step 801 
to step 808, in which a fuel-rich correction factor K R is 
calculated. Subsequently in step 1116, a final amount 
TAUO of injected fuel (=K R «TAU) is calculated by multi- 
plying the basic amount TAU of injected fuel by the fuel- 
rich correction factor K R . Then, fuel injection is per- 
formed based on the final amount TAUO of injected fuel. 
At this moment, the combustion mode is changed from 
the stratified charge combustion under a fuel-lean air- 



fuel ratio condition or the uniform mixture combustion 
under a fuel-lean air-fuel ratio condition to the uniform 
mixture combustion under a fuel-rich air-fuel ratio con- 
dition. As a result, release of NOx from the NOx occlud- 

5 ing member 23 starts. 

[0224] Subsequently in step 1117, it is determined 
whether the output voltage E of the air-fuel ratio sensor 
80 has exceeded the reference voltage Es. If E < Es, 
the process proceeds to step 1111. Conversely, if E > 

10 Es holds, the process proceeds to step 1118, in which 
ENOX is set to zero, and the NH 3 detection flag is reset. 
If the NOx release flag is reset, the air-fuel ratio is 
changed from the fuel-rich side to the fuel-lean side. 
[0225] If it is determined in step 1111 that the SOx re- 

15 leasing process should be executed, the process pro- 
ceeds to step 1119, in which the process of releasing 
SOx from the NOx occluding member 23 is executed. 
That is, the air-fuel ratio is changed to the rich side while 
the temperature of the NOx occluding member 23 is kept 

20 substantially at or above 600°C. After the process of re- 
leasing SOx from the NOx occluding member 23 is com- 
pleted, ETAU is set to zero. 

[0226] In the seventh embodiment, the reference volt- 
age Es is calculated by the routine illustrated in FIGS. 
25 26 and 27. 

[0227] While the invention has been described with 
reference to what are presently considered to be pre- 
ferred embodiments thereof, it is to be understood that 
the invention is not limited to the disclosed embodiments 
30 or constructions. On the contrary, the invention is intend- 
ed to cover various modifications. In addition, while the 
various elements of the disclosed invention are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, in- 
35 eluding more, less or only a single embodiment, are also 
within the scope of the invention which is defined by the 
appended claims. 

A NOx occluding member (23) that occludes NOx when 
the air-fuel ratio is on the fuel-lean side is disposed in 
40 an engine exhaust passage. An NOx ammonia sensor 
(29) is disposed in the engine exhaust passage down- 
stream of the NOx occluding member (23). A surplus 
amount of a reducing agent that is not used to release 
NOx is determined from a change in the ammonia con- 
45 centration detected by the NOx ammonia sensor (29) 
when the air-fuel ratio is changed to the fuel-rich side 
so as to release the NOx from the NOx occluding mem- 
ber (23). 



Claims 

1. An emission control apparatus of an internal com- 
bustion engine, including a NOx occluding member 
(23) that is disposed in an exhaust passage (25) of 
the internal combustion engine, and that occludes 
a NOx when an air-fuel ratio of an inflow exhaust 
gas is on a fuel-lean side, and that, when the air- 
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fuel ratio of the inflow exhaust gas changes to a fuel- 
rich side, allows the NOx occluded to be released 
and reduced by a reducing agent contained in the 
exhaust gas, and control means (30) for performing 
such a control that the NOx in the exhaust gas is 5 
occluded into the NOx occluding member (23) when 
a combustion is conducted under a fuel-lean air-fuel 
ratio condition, and for changing the air-fuel ratio of 
the exhaust gas flowing into the NOx occluding 
member (23) to the fuel-rich side when the NOx is 10 
to be released from the NOx occluding member 
(23), wherein the apparatus comprises: 

a sensor (29) that is disposed in the exhaust 
passage (25) downstream of the NOx occlud- 15 
ing member (23), and that is capable of detect- 
ing an ammonia concentration, wherein when 
the air-fuel ratio of the exhaust gas flowing into 
the NOx occluding member (23) is changed to 
the fuel-rich side, a surplus amount of a reduc- 20 
ing agent that is not used to release and reduce 
the NOx occluded in the NOx occluding mem- 
ber (23) is let out in a form of ammonia from the 
NOx occluding member (23), characterized in 
that the control means (30) determines a rep- 25 
resentative value that indicates the surplus 
amount of the reducing agent from a change in 
the ammonia concentration detected by the 
sensor (29), and as the representative value in- 
creases, the control means (30) reduces a total 30 
amount of the reducing agent supplied to the 
NOx occluding member (23) when the air-fuel 
ratio of the exhaust gas flowing into the NOx 
occluding member (23) is changed to the fuel- 
rich side. 35 

2. An emission control apparatus according to claim 
1, characterized in that the representative value 
is an integrated value of the ammoniaconcentration 
detected by the sensor (29). 40 

3. An emission control apparatus according to claim 
1, characterized in that the representative value 
is a maximum value of the ammonia concentration 
detected by the sensor (29). 45 

4. An emission control apparatus according to claim 
1 , characterized in that as the representative val- 
ue increases, the control means (30) reduces atime 
during which the air-fuel ratio of the exhaust gas 50 
flowing into the NOx occluding member (23) is kept 

on the fuel-rich side. 

5. An emission control apparatus according to claim 

1 , characterized in that: 55 

a reference value is pre-set regarding the rep- 
resentative value, and 



if the representative value becomes greater 
than the reference value, the control means 
(30) reduces a total amount of the reducing 
agent supplied to the NOx occluding member 
(23) when the air-fuel ratio of the exhaust gas 
flowing into the NOx occluding member (23) is 
changed to the fuel-rich side, and 

wherein if the representative value becomes 
less than the reference value, the control means 
(30) increases the total amount of the reducing 
agent supplied to the NOx occluding member (23) 
when the air-fuel ratio of the exhaust gas flowing 
into the NOx occluding member (23) is changed to 
the fuel-rich side. 

6. An emission control apparatus according to claim 
6, wherein if the representative value becomes 
greater than the reference value, the control means 
(30) reduces a time during which the air-fuel ratio 
of the exhaust gas flowing into the NOx occluding 
member (23) is kept on the fuel-rich side, and 
wherein if the representative value becomes less 
than the reference value, the control means (30) in- 
creases the time during which the air-fuel ratio of 
the exhaust gas flowing into the NOx occluding 
member (23) is kept on the fuel-rich side. 

7. An emission control apparatus according to claim 4 
or 6, characterized in that: 

the sensor (29) is capable of detecting a NOx 
concentration in the exhaust gas besides the 
ammonia concentration in the exhaust gas, and 
the control means (30) changes the air-fuel ra- 
tio of the exhaust gas flowing into the NOx oc- 
cluding member (23) from the fuel-lean side to 
the fuel-rich side if a predetermined set value 
is exceeded by the NOx concentration detected 
by the sensor (29) while the combustion is con- 
ducted under the fuel-lean air-fuel ratio condi- 
tion. 



Patentanspruche 

1. Emissionssteuervorrichtung eines Verbrennungs- 
motors, miteinem NOx-Ausschlussbauteil (23), das 
in einem Abgasdurchgang (25) des Verbrennungs- 
motors angeordnet ist und das ein NOx ausschlieBt, 
wenn ein Luft/Kraftstoffverhaltnis eines einstro- 
menden Abgases auf einer Kraftstoffmagerseite ist, 
und das zulasst, dass das NOx, das ausgeschlos- 
sen ist, durch ein Reduktionsmittel gelost und redu- 
ziert wird, das in dem Abgas enthalten ist, wenn das 
Luft/Kraftstoffverhaltnis des einstromenden Abga- 
ses sich zur kraftstofffetten Seite andert, und einer 
Steuereinrichtung (30) zum Ausfuhren einer derar- 
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tigen Steuerung, dass das NOx in dem Abgas in 
dem NOx-Ausschlussbauteil (23) ausgeschlossen 
wird, wenn eine Verbrennung unter einer kraftstoff- 
mageren Luft/Kraftstoffverhaltnis-Bedingung aus- 
gefuhrt wird, und zum Verandern des Luft/Kraft- 5 
stoffverhaltnisses des Abgases, das in das NOx- 
Ausschlussbauteil (23) stromt, zu der kraftstoffrei- 
chen Seite, wenn das NOx von dem NOx-Aus- 
schlussbauteil (23) zu losen ist, wobei die Vorrich- 
tung aufweist: 10 

einen Sensor (29), der in dem Abgasdurchgang 
(25) stromabwarts des NOx-Ausschlussbau- 
teils (23) angeordnet ist und der dazu im Stan- 
de ist, eine Ammoniakkonzentration zu erfas- 15 
sen, wobei ein Uberschussbetrag eines Reduk- 
tionsmittels, das nichtzum Losen und Reduzie- 
ren des NOx verwendet wird, das in dem NOx- 
Ausschlussbauteil (23) ausgeschlossen wird, 
in einer Form von Ammoniak aus dem NOx- 20 
Ausschlussbauteil (23) ausgelassen wird, 
wenn das Luft/Kraftstoffverhaltnis des Abga- 
ses, das in das NOx-Ausschlussbauteil (23) 
stromt, zu der kraftstofffetten Seite verandert 
wird, dadurch gekennzeichnet, dass die 25 
Steuerrichtung (30) einen reprasentativen Wert 
bestimmt, der den Uberschussbetrag des Re- 
duktionsmittels aus einer Anderung der Ammo- 
niakkonzentration, die durch den Sensor (29) 
erfasst wird, angibt, und die Steuereinrichtung 30 
(30) einen Gesamtbetrag des Reduktionsmit- 
tels, das dem NOx-Ausschlussbauteil (23) zu- 
gefuhrt wird, reduziert, so wie der representa- 
tive Wert ansteigt, wenn das Luft/Kraftstoffver- 
haltnis des Abgases, das in das NOx-Aus- 35 
schlussbauteil (23) stromt, zu der kraftstofffet- 
ten Seite verandert wird. 



2. Emissionssteuervorrichtung gemaB Anspruch 1 , 
dadurch gekennzeichnet, dass der reprasentati- 40 
ve Wert ein integrierter Wert der Ammoniakkonzen- 
tration ist, die durch den Sensor (29) erfasst wird. 

3. Emissionssteuervorrichtung gemaB Anspruch 1 , 
dadurch gekennzeichnet, dass der reprasentati- 45 
ve Wert ein Maximalwert der Ammoniakkonzentra- 
tion ist, die durch den Sensor (29) erfasst wird. 

4. Emissionssteuervorrichtung gemaB Anspruch 1 , 
dadurch gekennzeichnet, dass die Steuereinrich- 50 
tungen (30) eine Zeit verringert, wehrend welcher 
das Luft/Kraftstoffverhaltnis des Abgases, das in 
das NOx-Ausschlussbauteil (23) stromt, an der 
kraftstoffreichen Seite gehalten wird, so wie der re- 
presentative Wert ansteigt. 55 

5. Emissionsteuervorrichtung gemaB Anspruch 1 , da- 
durch gekennzeichnet, dass 



ein Referenzwert bezuglich des reprasentati- 
ven Werts voreingestellt ist, und 

die Steuereinrichtung (30) einen Gesamtbe- 
trag des Reduktionsmittels, das dem NOx-Aus- 
schlussbauteil (23) zugefuhrt wird, reduziert, wenn 
das Luft/Kraftstoffverhaltnis des Abgases, das in 
das NOx-Ausschlussbauteil (23) stromt, zu der 
kraftstofffetten Seite geandert wird, falls der repre- 
sentative Wert groBer als der Referenzwert wird, 
und 

wobei die Steuereinrichtung (30) den Ge- 
samtbetrag des Reduktionsmittels, das dem NOx- 
Ausschlussbauteil (23) zugefuhrt wird, erhoht, 
wenn das Luft/Kraftstoffverhaltnis des Abgases, 
das in das NOx-Ausschlussbauteil (23) stromt, zu 
der kraftstofffetten Seite geandert wird, falls der re- 
presentative Wert geringer als der Referenzwert 
wird. 

6. Emissionssteuervorrichtung gemeB Anspruch 6, 
wobei die Steuereinrichtung (30) eine Zeit redu- 
ziert, wehrend welcher das Luft/Kraftstoffverheitnis 
des Abgases, das in das NOx-Ausschlussbauteil 
(23) stromt, an der kraftstofffetten Seite gehalten 
wird, wenn der representative Wert groBer wird als 
der Referenzwert, wobei die Steuereinrichtung (30) 
die Zeit erhoht, wehrend welcher das Luft/Kraft- 
stoffverheitnis des Abgases, das in das NOx-Aus- 
schlussbauteil (23) stromt, an der kraftstofffetten 
Seite gehalten wird, wenn der representative Wert 
geringer als der Referenzwert wird. 

7. Emissionssteuervorrichtung gemeB Anspruch 4 
oder 6, dadurch gekennzeichnet, dass 

der Sensor (29) dazu im Stande ist, eine NOx- 
Konzentration in dem Abgas neben der Ammoniak- 
konzentration in dem Abgas zu erfassen, und 

die Steuereinrichtung (30) das Luft/Kraftstoff- 
verhaltnis des Abgases, das in das NOx-Aus- 
schlussbauteil (23) stromt, von der kraftstoffmage- 
ren Seite zu der kraftstofffetten Seite endert, wenn 
ein vorbestimmterfestgelegter Wert durch die NOx- 
Konzentration uberschritten wird, die durch den 
Sensor (29) erfasst wird, wehrend die Verbrennung 
unter der kraftstoffmageren Luft/Kraftstoffverheit- 
nis-Bedingung durchgefuhrt wird. 



Revendications 

1. Appareil de regulation des emissions d'un moteur 
a combustion interne, incluant un element d'occlu- 
sion du NOx (23) qui est dispose dans un passage 
d'echappement (25) du moteur a combustion inter- 
ne, et qui occlut un NOx lorsqu'un rapport air-car- 
burant des gaz d'echappement entrant est sur le co- 
te pauvre en carburant, et en ce que, lorsque le rap- 
port air-carburant des gaz d'echappement entrants 



25 



49 



EP 1 213 460 B1 



50 



change au cote riche en carburant, permet au NOx 
occlus d'etre libere et reduit par I'agent de reduction 
contenu dans les gaz d'echappement, et un moyen 
de commande (30) pour effectuer une telle com- 
mande que le NOx dans les gaz d'echappement est 5 
occlus dans I'element d'occlusion du NOx (23) lors- 
qu'une combustion est conduite dans une condition 
du rapport air-carburant pauvre en carburant, et 
pour changer le rapport air-carburant des gaz 
d'echappement s'ecoulant dans I'element d'occlu- 10 
sion du NOx (23) sur le cote riche en carburant lors- 
que le NOx doit etre libere de I'element d'occlusion 
du NOx (23), dans lequel I'appareil comprend : 

un capteur (29) qui est dispose dans le passage 15 
d'echappement (25) en aval de I'element d'oc- 
clusion du NOx (23), et qui est capable de de- 
tecter une concentration d'ammoniac, dans le- 
quel lorsque le rapport air-carburant des gaz 
d'echappement s'ecoulant dans I'element d'oc- 20 
elusion du NOx (23) est passe sur le cote riche 
en carburant, une quantite en surplus d'agent 
de reduction qui n'est pas utilise pour liberer et 
reduire le NOx occlus dans I'element d'occlu- 6. 
sion du NOx (23) peut sortir sous la forme d'am- 25 
moniac de I'element d'occlusion du NOx (23), 
caracterise en ce que le moyen de commande 
(30) determine une valeur representative qui in- 
dique la quantite en surplus de I'agent de re- 
duction a partir d'un changement de la concen- 30 
tration d'ammoniac detectee par le capteur 
(29), et a mesure que la valeur representative 
augmente, le moyen de commande (30) reduit 
une quantite totale d'agent de reduction delivre 
a I'element d'occlusion du NOx (23) lorsque le 35 
rapport air-carburant des gaz d'echappement 
s'ecoulant dans I'element d'occlusion du NOx 
(23) est passe sur le cote riche en carburant. 7. 

2. Appareil de regulation des emissions selon la re- 40 
vendication 1 , caracterise en ce que la valeur re- 
presentative est une valeur integree de la concen- 
tration d'ammoniac detectee par le capteur (29). 

3. Appareil de regulation des emissions selon la re- 45 
vendication 1 , caracterise en ce que la valeur re- 
presentative est une valeur maximale de la concen- 
tration d'ammoniac detectee par le capteur (29). 

4. Appareil de regulation des emissions selon la re- 50 
vendication 1 , caracterise en ce que a mesure que 

la valeur representative augmente, le moyen de 
commande (30) reduit un temps pendant lequel le 
rapport air-carburant des gaz d'echappement 
s'ecoulant dans I'element de d'occlusion du NOx 55 
(23) est maintenu sur le cote riche en carburant. 

5. Appareil de regulation des emissions selon la re- 



vendication 1 , 
caracterise en ce que : 

une valeur de reference est preetablie par rap- 
port a la valeur representative, et 
si la valeur representative devient plus grande 
que la valeur de reference, le moyen de com- 
mande (30) reduit une quantite totale de I'agent 
de reduction delivre a I'element d'occlusion du 
NOx (23) lorsque le rapport air-carburant des 
gaz d'echappement s'ecoulant dans I'element 
d'occlusion du NOx (23) est passe sur le cote 
riche en carburant, et 

dans lequel si la valeur representative devient 
inferieure a la valeur de reference, le moyen de 
commande (30) augmente la quantite totale de 
I'agent de reduction delivre a I'element d'occlusion 
du NOx (23) lorsque le rapport air-carburant des 
gaz d'echappement s'ecoulant dans I'element d'oc- 
clusion du NOx (23) est passe sur le cote riche en 
carburant. 

Appareil de regulation des emissions selon la re- 
vendication 6, dans lequel si la valeur representati- 
ve devient plus grande que la valeur de reference, 
le moyen de commande (30) reduit le temps pen- 
dant lequel le rapport air-carburant des gaz 
d'echappement s'ecoulant dans I'element d'occlu- 
sion du NOx (23) est maintenu sur le cote riche en 
carburant, et dans lequel si la valeur representative 
devient inferieure a la valeur de reference, le moyen 
de commande (30) augmente le temps pendant le- 
quel le rapport air-carburant des gaz d'echappe- 
ment s'ecoulant dans I'element d'occlusion du NOx 
(23) est maintenu sur le cote riche en carburant. 

Appareil de regulation des emissions selon la re- 
vendication 4 ou 6, caracterise en ce que : 

le capteur (29) est capable de detecter une con- 
centration du NOx dans les gaz d'echappement 
en dehors de la concentration d'ammoniac 
dans les gaz d'echappement, et 
le moyen de commande (30) change le rapport 
air-carburant des gaz d'echappement s'ecou- 
lant dans I'element d'occlusion du NOx (23) du 
cote pauvre en carburant au cote riche en car- 
burant si une valeur etablie predeterminee est 
depassee par la concentration du NOx detec- 
tee par le capteur (29) tandis que la combustion 
est conduite dans la condition de rapport air- 
carburant pauvre en carburant. 
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